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FOREWORD 


This document is the final system test evaluation and > 
performance analysis report for the launch of Discoverer 

| XM from Vandenberg AFB on 29 June 1960. It has been 
prepared for the Air Force Ballistic Missile Division 
(AF BMD) to meet a requirement of Contract AF 04(647).558 
in accordance with Paragraph 1.4.1 of LMSD -445158-B, 


Discoverer Program. 
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SUMMARY 


Discoverer XIII (Thor 231/Agena 1057) was launched on the first attempt 
from Vandenberg AFB Complex 75-3-5 on 10 August 1960. Al) primary, 
Secondary, and tertiary test objectives Were met, including the achievement 
of a significant "Eir ett in world-wide Space technology: recovery of a | 
capsule ejected from an orbiting satellite. The capsule was recovered 
from the ocean northwest of Hawaii by a helicopter operating from the 


USNS Haiti Victory, after visual acquisition by C-119 aircraft. 


Launch countdown commenced at 0600 Ppr. . Liftoff occurred 7 hours and 
38 minutes later, at 1337:54:40 PDT. Separation of the Agena from the 
Thor was completed at the prescribed time and altitude. Agena engine 
ignition, signalled by the Agena's D-timer, was followed by 118 seconds 
of engine operation. The engine was shut down by integrator command 
after the required inertial injection velocity had been attained. | 


Satisfactory Agena injection altitude and velocity resulted in an orbital 
perigee of 137 nautical miles, an apogee of 379 nautical miles, and a 
Period of 94 minutes. Orbital lifetime of the satellite is calculated to 
be 84 days. | | 


All commands transmitted to the orbiting Agena were successfully received, 
executed, and verified. Additionally, orbita] timer operation was accurate, 
and all programmed events, including initiation of the recovery sequence 

on Pass 17, took place as specified. é | | | 
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NOMENCLATURE 


Advanced Engineering Test 
Barking Sands Tracking Station 
Time of capsule parachute deployment 


Metallic radar target scattered at the time of capsule 
parachute deployment 7 | 


Step-by-step process leading to a missile launching 


Reduction in response of radar-beacon to interrogations _ 
caused by unsynchronized multiple-active tracking by 
two or more ground radars or by improper spacing» 


Continuous -wave acquisition transmitter 
Douglas Aircraft Corporation | 
Estimated time of parachute deployment 
General Electric Company 

Hickam Air Force Base 

Hawaii Control Center 

Hawaii Tracking Station | 

High Altitude Temperature Simulator 


| Kodiak Tracking Station 


Automatic training of the radar antenna on the target, 
following initial acquisition, accomplished by a servo- 
control system which nulls-out error signals 


Pt. Mugu Tracking Station | 

New Boston Tracking Station 
Instantaneous or near real-time data 
Palo Alto Computer Center 


Pulse ~amplitude “modulated subcarrier; frequency 
modulated carrier | a 


Pulse -repetition ~frequency 
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NOMENCLATURE (Continved) 


RADARC A sonobuoy marker device equipped with radio beacon 
| and tracking lights _ | - 
r-f _ 3 Radio frequency | 
System time _ Time in seconds measured from 2400 Greenwich Mean 
| Time (GMT); recycles every 24 hours 

TLM -18 A high-gain, narrow-beam, VHF, automatic tracking 

antenna _ | | _ 
Toc Time-of-crossing of a satellite over a tracking station. 
Tri-helix A medium-gain, wide-beam, manually steerable or 

| | ‘slavable VHF antenna oo | 
VERLORT Very-Long-Range-Tracking radar | 
VTS _ Vandenberg Tracking Station 
\ 
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SECTION 1 
INTRODUCTION 


BACKGROUND 


In the Discoverer Program a total of 13 flights have been launched from 
Vandenberg AFB, Eight Agena Satellites have been successfully injected 
into orbit (see Table 1). Present plans call for the launching of 17 additional 


vehicles before the Program is concluded. 


The principal. objectives of the Discoverer Flights are the development of 


satellites while on orbit. 


Additional Discoverer objectives are the perfecting of equipment, techniques, 
and procedures for launching Thor-boosted Agena satellites: attaining orbit; 
and acquiring, recording, transmitting, receiving, and processing satellite 
functional and environmental data, ag well as geophysical data. Section 5 
of this report lists the objectives of Discoverer XIII, In addition to these 
Specific goals, it is also expected that the ground system operational 
techniques and procedures at the tracking stations, control center, and 
launch-base will be refined as the program progresses. Specialized tests, 
including aero-medical research, wil] be executed during the series. A 
propulsion system capability for single restart and extended-duration 
operation will also be tested. | 


Finally,an important long-range objective of the Discoverer Program is the 
refinement of equipment and procedures which will be used in the more ad- 
vanced MIDAS and Samos programs, as well as in future deep-space probes. 
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Table 1 | 
DISCOVERER PROGRAM FLIGHT TEST SUMMARY 
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Orbit achieved. 
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Table 1 (Continued) 


DISCOVERER | 
VEHICLES LAUNCH COMPLEX, | COUNTDOWNS PAYLOAD | 
SCEMTHOR | TIME, AND DATE | REQUIRED | _DESCRIPTION 
| Recevereble Reseorch 
1052/2 


a x 
ne | 
Recevereble Reseorch 
Capsule 


SCOPE OF THIS REPORT 



















Twe major malfunctions at liftoff: 
Umbilical most retrection dele » failure 
of Agenc’s pt supply quick disconnect. 


tumbled (no attitude control). Pre- 
mature Thor main engine shutdown, 


At liftelf, Thor booster pitch oscillotions 
begen diverging vatil main engine was 
gimbelling frem stop to step. Discoverer 
Ramey fre mere 
strect 
tonsmitted at T + 56.36 second” 


Near polar erbit attained. Agenc nese- 
re-orlentation for copsule separation 
eccomplished. Retro end despin rocket 
firing confiemed as was thrust cone sepa- 
ration. Capsule beocen cad telemetry 































Liftoff and ascent wajectories ond injection 
leona’ wolesity cal mot herfuans " , 

8 ve n 
dicected. A nose-down ettitude lawned by 


lncerrect horizon scenner l 
sulted la « “8.3 degree injection plone 











This document contains the detailed evaluation of all data relating to the 
Discoverer XIII flight. Included are the results of investigations into prob- 
lem areas; and, if indicated, recommendations. This report amplifies the 
information given in LMSD-445905- 57, Discoverer xm Preliminary System 
Test Report (7- to 10-Day Report), and supersedes the earlier document in 
any instance where the data is at variance. | | 


Organization of this report is in three parts. The first part, Test Descrip-~ 
tion, describes the configuration of Discoverer XI, and gives a chronologi- 
cal history of the flight. The second part, Test Evaluation, analyzes per- 
formance of important elements. The third part is the Appendix, which 
includes additional data to support the discussions in text. 
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SECTION 2 | 
DESCRIPTION OF FLIGHT ELEMENTS 


The system configuration for Discoverer XIII consisted of a DAC Thor first- 
stage booster (Figure 1) and an LMSD Agena second-stage satellite vehicle 
(Figure 2) with the necessary first- and second-stage support equipment, 
launch complex, command and communication system, and capsule Recovery 
Force. The configuration was similar to that of previous Discoverer Flights, 
with the exception of flight and ground system elements related to capsule 
recovery. The notable configuration differences for the flight elements are 
Siven in this section; those for the ground elements are given in Section 3. 


COMBINED VEHICLES 


The Agena satellite vehicle Model 2205, Serial 1057, was mated by a struc- 
tural adapter section (supplied by LMSD) to a modified 10C Thor booster 
SM-75, Serial 231, utilizing an MB-3 Block I engine. The length of Dis- 
coverer XIII wag approximately 79 feet, and its total weight at liftoff was 
117,260 (+250) pounds. The Agena weight statement and the Discoverer cg 
and moment of inertia are presented in Appendix A. | 


RECOVERABLE CAPSULE 


The recoverable capsule payload (Figures 3 and 4) for this flight was a spe- 
cial "diagnostic" configuration which contained a five-channel FM/FM telem- 
etry system to transmit separation, re-entry, and rec overy equipment 
operations data to ground Stations. The additional equipment permits a 
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Figure 4 Discoverer Xi Diagnostic Payload Postflight Inspection: Several Components were Removed 
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more complete postflight qualitative analysis of the recovery operations than 
has been possible on previous flights. © 


An 8-watt transmitter replaced the 1. Z-watt transmitter normally installed 
to relay the following data: gyro, accelerometer, battery voltage, tem- 
perature, pressure, and breakwire telltale functions from capsule sepa- 
ration until parachute deployment. A continuous-tape recorder was installed 
to record the capsule re-entry and recovery functions in real-time and to 
play back through the transmitter with a 2-minute time delay so that telem- 
etry data. during capsule descent through the ionization layer would not be 
lost. | | 


In addition to the instrumentation and the capsule VHF beacon, a transis- 

torized S-band beacon transponder and its power supply were installed on 

the capsule thrust cone so that computer determinations of the re-entry 
trajectory and impact location could be made. | | 


A cold gas manifold System replaced the separate spin-up and de-spin 
rocket system, Following ejection of the capsule from the satellite, the 
required impulse to spin and de-spin the capsule was provided from 3000-psi 
pressurized cold gas (Freon-nitrogen) spheres (one for each system), acti- 
vated by squib valves. | | 


To ensure pod separation prior to Spin-up, the thrust-cone programmer 
times were changed as follows: | | _— = 


Function Time (sec)* eo 


Pod Separation | T +125 

Spin-up T + 3.4 

Retro-rocket Fire T + 4.65 = 
De-spin | T + 15.40 

Thrust-Cone Separation T + 16.9 


LS eenenesemne : 
* T-0 is defined as electrical disconnect from the Agena power supply — 


.2=6 
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To enhance the possibility of recovery in the event of extended surface 
search, an additional battery was installed to power the VHF beacon after 
impact for approximately 20 hours, rather than 10 hours. The water- . 
soluble plug installed to initiate capsule submersion after 30 hours was 
removed from this capsule. 


AGENA SATELLITE 


A principal difference in the Agena vehicle for this flight was brought about 
by a weight reduction program. In order to accommodate the required | 
Capsule instrumentation and to achieve the required performance Margin, it 
was necessary to remove all AET equipment, the JHU/APL Doppler beacon, 
and optical tracking lights. : 


The 5. 0-degree yaw program (left) for realigning velocity vectors during the 
ascent coast period was removed on this flight 80 that the desired orbital 
path on Pass 17 could be achieved. The D-timer PAYLOAD-EJECT command 
was changed from 93, 4 to 94, 5 seconds after D-timer restart. To achieve 
a higher orbit, the nominal D-timer hold was increased from 20 seconds to 
39 seconds, to delay Agena ignition an additional 19 seconds. For improved 
low-rate capabilities, the rate Syro telemetry sensitivities were increased 
from £10 to #2 deg/sec. Control gas loading was reduced from 40 to 37 
pounds as part of the general weight reduction effort. The horizon scanner 
‘was modified to reduce transient susceptibility, and the rubber gasket be- 
tween the case and cover was replaced with a beryllium-copper gasket to 
shield against r-f radiation. | 


to integrator cutoff (in the Case of a minimum Command 6), the maximum 
integrator setting was changed from 13, 800 to 14, 200 (+30) ft/sec. 
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SECTION 3 
DESCRIPTION OF GROUND ELEMENTS 


Configuration of the ground elements of the Discoverer XIII flight was 
essentially the same as that for previous flights. The nominal capsule 
impact point was moved from that of previous tests to latitude 24° N. This 
change was to provide HTS with telemetry coverage of the parachute de- 
ployment sequence at the nominal latitude for all orbit periods within 1 
minute of nominal. This impact latitude also provided KTS hereee of the 
complete separation and retro sequence. 


The launch telemetry ship USS King County was replaced by the FS Ship 
AG-161. The replacement ship was equipped with a quad-helix antenna in 
addition to a single helix. There was no Doppler receiving or recording 
capability on board the vessel. Otherwise, the configuration of the ship was 
basically the same as that of the King County. 


The Recovery Force and recovery tracking system consisted of the following: 
Six C-119J and two RC-121 aircraft and the Haiti Victory were dispersed in 
the primary recovery area; and the Dalton Victory, three C-119J, two 


RC-121, one WV-2, four JC-54 telemetry receiving, one C-130 recovery 


aircraft, and the Pvt. Joe E. Mann telemetry ship were deployed to provide 
capsule detection and telemetry reception capabilities from the recovery 
area extending 1800 nautical miles downrange. The facilities at Barking 
Sands, Kauai, and South Point, ‘Hawaii, were used to determine the approxi - | 
mate capsule trajectory. A temporary telemetry receiving station was in- 
stalled on Christmas Island to > extend further the capsule detection and 
telemetry receiving range. 


The newly activated New Boston Tracking Station (not yet operational) par- 


ticipated in tracking operations to check out equipment and to train personnel. 
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SECTION 4 
CHRONOLOGICAL DESCRIPTION OF TEST 


PRELAUNCH OPERATIONS | 


After pre-launch system tests were completed, all stations were evaluated ; 
as being fully operational with the exception of Vandenberg Tracking Station. 
That station's Doppler coder remained inoperative throughout the launch. 
New Boston Tracking Station was not an operational station for this flight, 
but it was active for checkout and training purpose: 8. 


The one countdown required to launch Discoverer XII began at 0600 PDT on 
10 August 1960 and proceeded smoothly to a successful liftoff 7 hours and 
38 minutes later. A countdown chronology is presented in Table 2. 


LAUNCH AND ASCENT 


Liftote was successfully seccsipliahed at 1337:54:40 PDT with a clean 
umbilical separation and only minor pad damage. 


The vehicle was launched vertically and then rolled to a departure azimuth 
of 174° (172° predicted). All programmed events occurred in proper se- 
quence, The ascent, as determined by VTS and MTS real-time data, ap- 
peared to be slightly high and west of the nominal flight path. Thor main- 
‘engine cutoff was approximately 1,5 seconds sooner than expected, but 


within required tolerance. Separation was eorrenenney completed at the 
presc ribed time. | 


Data received and utilized by the Reeves computer at MTS during vehicle 
ascent and coast resulted in the transmission of 49. 27 seconds of Command - 
5 ewaicn extended D-timer hold to 51. 60 seconds) and 13. 03 seconds of 
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COUNTDOWN CHRONOLOGY 


~ or yee eared cE tt>. 


Task 


Pre-Countdown Operations 
and Countdown Initiation 


2. Shelter Removal 
Vehicle Erection 
3. RF Checkout 
L, Lanyard Connection and 
Fuel Truck Activation — 
>> Destruct Test 
6. Orbital Stage Arm 
7. Connect First Stage 
Destruct System 
Hold 1* 
» Propellant Line Fill 
- Countdown Evaluation 
10.. Flectronics Warm-up | 
ll. Range R-F Checks 
12. Propellant Tanking 
13. Secure Propellant Trucks 
‘14. Guidance and Flight. 
Control Checkout 
15. Pressurization | 
16. Countdown Evaluation 
Hold 2** 
17. Terminal Countdown 
Hold 3*## 
Hold ieex 
Liftoff 


> 2 Grebe ece-ee wo oo 


LOCKHEED AIRCRAFT CORPORATION 


Start Dura- | 
Time tion 
(min) | (min) 


1-375 
| 1-365 
| 1-350 
| B-330 


T-295 
T-26 5 
T-265 


T=-230 
T-180 
T=150 
T-145 
T-115 
T-85 

T-60 


T-60 
T=39 


T-l12m 
Ss 


T~0 
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Start Start | Dura- 
Time 
PDT 


Time tion 
(min ) (min ) 


14 


30 
17 
pal 
22 
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| Table’2 (Continued) 


HOLD SUMMARY 


Hold 1 was imposed for werk to catch up with the count ofter earlier delays. Use of a diagnostic capsule 
insteed of the standerd AET peckage increased the time required for completion of Task 3. in addition, 


© DAC destrvct receiver hed to be replaced during Tosk 5 a 


Hold 2: At completion of Task 16 at 1303 PDT, the count was T-~28 and jumped te T~15. The count.wes — 
held until 1314 PDT to awelt approval of the Renge Safety Officer before starting terminal countdown 


(train schedule conflict). Effectively, this was « countdewn jump of 2 minutes. 


Hold 3 wes called during Phase ! of the countdown when a Thor power supply did not come on. The problem 
wes solved when personnel were sent fo the DAC ped electrical tratler to reset a circuit breaker, | 


Held 4 wes called during Phase V of the terminal countdown because of a misunderstending invelving 
VERLORT roder ven personne! ond the Range Safety Officer. 
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Command 6 (controls velocity-integrator setting). Both commands were 


received by the vehicle and were executed. 


Agena engine start (90 percent thrust) occurred at T + 302.45, and nominal 
thrust was obtained. The duration of engine burning was 118.99 seconds 
as compared to 121.93 seconds nominal. However, engine shutdown was by 


integrator command and was not due to fuel depletion. 


Telemetry contact was maintained until T + 784 seconds (downrange 
telemetry ship fade). | 


Table 3 compares the predicted times of launch events with the actual 
times these events occurred. Table 4 tabulates the trajectory and 
initial orbit parameters. | 


ORBIT OPERATIONS 


Prior to launch, nominal acquisition messages were sent to all stations. 

On the basis of launch tracking data received by the PACC from MTS and VTS, 
initial orbit elements were calculated and a new acquisition message gener- 
ated and sent to KTS for Pass l. Acquisitions messages were also sent to 
the other siekeree stations (HTS, VTS, and MTS) for use during Pass 1. 


Pass 1 


Pass 1 acquisition of the Agena's CWAT by KTS was made 88 seconds later 

than predicted by the PACC. KTS also tracked the vehicle on radar andy - 
recorded Agena telemetry. Since beacon acquisition was later than predicted, 

a RESET command was sent at System Time 79799. The 65°N and 60°N 

reference latitude crossings were 123 seconds later than the computer 

acquisition message had predicted for KTS. An INCREASE command was 

sent and verified and four STEP commands were sent, which extablished an 

_ orbital timer period of 5655 seconds: No. difficulty was experienced in. 

_ verifying RESET, INCREASE, DECREASE and STEP commands. | a 
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’ Table 3 


LAUNCH SEQUENCE OF EVENTS 


| : Event 
Liftoff * | 


| Main Engine Cutoff 


Vernier Engine Cutorr 

Start Fairchild Timer 

Explosive Bolts Fire 

Pneumatics ‘ON 

Retrorockets Fire | 

Command =45°/minute Pitch Rate 

Start Detimer Hold | 
(Detimer Hold Duration) 


Command -2°/minute Pitch Rate 


Command 5 ON 

Command 5 OFF 
(Duration) 

Command 6 ON 


Command 6 oFF 


(Duration) 
Fire Ullage Rockets 
Preactivate Hydraulics | 
Helium Bypass Valve Open 
Thrust Attainment (90% P o) 
Engine Burnout (70% P.) 
(Duration) 


Command -10°/minute Yaw Rate 


Fire Vent Valves 
Hydraulics OFF 


tated 


Predicted 


Time (sec) 


@) 
16h.5 


173.5 


179.0 


180.5 
181.0 | 
192.0 
221.0 
37.78 


221.0 


223.0 

258. 78 
35.78 
258.78 
274 .60 

15.82 

288 6% 

288 6% 
300 . Gi* 
302. L3H 
LOk OZ 
121.93 
4.31 .6"* 


| «431 Gee 


** Besed upon actual D-timer held of 51.6 seconds 
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431.6 


* —1337:54.40 PDT; System Time 74274.40 seconds ; 2037:54.40 GUT. Times are accurate to 
data) 
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Time (sec) 


0 
163.0 
172.47 
179.28 
180.91 - 
180.91 
181.41 
192.40 
221.31 

51.60 
221.31 
223.64 
272.91 

51.60 
272.91 
285.94 

13.03 
288.97 
288.97 
300.96 
302 45 
421 ho 
118.97 


431.92 


4.31.92 
431.92 


10.2 sec. ( Commu- 
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Table. 3-(Continued):. 


Predicted 
Event , Time 
Sa | ee 
VIS T/M Fade _2, ss 
MTS T/M Fade - = 
‘Remove -40°/minute Yaw Rate | 701.6 - 


T/M Ship Fade | | on 
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500.0 
476.0 

701.9 

78h 0 
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VTS, HTS and the USNS Joe E. Mann were able to acquire on Pass 1 for 
approximately 1 minute, but because the pass was low on the horizon, con- 
tact was marginal. The CWAT Signal was reported by KTS and VTS to be 


weak. 


Pass 2 


KTS and HTS tracked the vehicle on all equipment during this pass. KTS | 
transmitted and verified one RESET Command 3 at a System Time of 85441 
as the satellite crossed reset latitude. One DECREASE step was commanded 
and verified by HTS. All real-time telemetry readouts indicated normal 
Agena performance, but the Beckman monitor of the orbital timer period 
fluctuated slightly. | | 


Pass 8 


Agena acquisition and fade times were on schedule. No commands were 
sent. The predicted reset-monitor ON time was 31539 System Time, and 
VTS reported the reset monitor ON at 31539, MTS at 31534, and HADC at 
31534. A RESET command was not sent since observed reset monitor 

turn on showed exceptional agreement with predicted time. Tracking 

coverage was accomplished by HAFB, VTS, and MTS. VTS reported 20 
percent countdown on the S-band beacon, which ‘was usual for this time of 
night. | 


Pass 9 


The VTS VERLORT was designated "active'’ and MTS "passive" to limit - 
radar tracking interference, Christmas Island reported acquisition of 
telemetry at 36947 System Time and tracked for 59 seconds. VTS acquired 
at 36947, MTS at 36945, and the downrange telemetry ship AG 161 at 36946 
System Time. The orbital timer readout was reported as DECREASE 25 
(5643 seconds). A RESET command was sent and verified by VTS at 37170 
System Time. The reset latitude 30°N time of crossing (TOC) was 37183 
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System Time. The reset command was sent early to confirm command 
capability of the vehicle. | 


Pass 10 | 


HTS acquired approximately 36 seconds earlier than predicted. A RESET 
command was specified to be sent at System Time 42655. HTS reported 

that time of crossing the reset latitude 20°N occurred at System Time 42655. 
KTS reported that the orbital timer period readout was erratic during the pass. | 
Acquisition and fade times were nominal, with solid tracking reported. | | 


Pass 14 


NBTS actively searched for approxjmately 5 minutes but failed to acquire 
due to the low elevation angle of the Agena. | | 


_HAFBSB acquired and tracked the Agena's telemetry as programmed. All 
requested readouts were made. The reset monitor came on within 2 seconds 
of the programmed time. | | 


Pass 15 


KTS acquired the satellite on this pass at near the predicted time. A RESET 
command was issued and verified at the proper time for proper phasing of 
the recovery sequence. During the pass, both VTS and MTS had difficulty 
in obtaining continuotis radar lock-on. MTS was locked on when the beacon 
was turned off by the orbital timer (refer to Section 10). Reset Monitor OFF 
time was observed by both stations to be within 6 seconds of the expected 
time. Real-time readouts were all normal. - | 


 Pags 16 
KTS acquired the satellite as programmed and achieved excellent trackin g 
on all parameters. The reset monitor was observed to turn on 4 seconds 


early, and a RESET command was issued at the proper time (4 seconds 
after reset monitor on). | 
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MTS and VTS acquired the vehicle on all parameters and experienced no 
trouble in tracking on this pass. VTS observed telemeter OFF 4 seconds 
earlier than expected, based on reset on the timer. All parameters were 
normal. a 


Pass 17 


KTS acquired on all parameters and reported good track and Signals. The 
track was nominal, with the deviation in elevation of only 0.5° from the | 
preplot at fade. The D-timer was observed to restart at the proper time. 
All other re-entry events were verified, and the capsule was tracked on the 
preplot. HTS acquired the satellite and verified all recovery events. 
Successful tracking was achieved by KTS of the capsule's S-band beacon and 
the telemetry. | | 


HTS and the Barking Sands tracking station successfully tracked the capsule's 
VHF beacon and telemetry. HTS also radar-tracked the Agena and recorded 
its telemetry during this pass. | | 


Post-Recovery Orbits - 4 | | = 


Passes 24, 25, and 26 were tracked by KTS and used for command exercises. 


Contact was gained by NBTS on Pass 29, VTS, and KTS on Pass 31, and HTS 
and KTS on Pass 32. Both CWAT and telemetry were effective on Pass 32, 
but radar contact was poor. Command exercises were performed during a _ 
these orbits. Continuous tracking activities terminated after Pass 32 to 
allow stations to prepare for Discoverer XTV activities. , ad 
Se 
i] 
4-10 0° ~ 
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The Agena 1057 was also tracked on the following passes. 


Date, August Pass Station 

| 15 | 76 VTS 
16 | 92 | | KTS 
16 93 KTS 
16 —«@93 
17 (107 KTS 
17 | 108 | HTS 
17 3 109 . KTS 
18 120 NBTS 
19 7 238 | | MTS 


A steady decrease in the CWAT frequency was reported after Pass 107, 

; indicating the life of the battery was nearly expended. When the Agena was 
last contacted on 19 August, the transmitter's frequency was reported as 
being 25.5 ke below nominal. On 22 August VTS attempted to acquire the 
vehicle on Pass 183, but failed, thus indicating the battery life had been 
expended as expected. 7 | | | 


CAPSULE RE-ENTRY AND RECOVERY 


Recovery operations began with briefings of all Recovery Force elements 

and continued through post-recovery shipment of the capsule to Washington, 
D.~. C. Surface force elements, including representatives for the Victory 
ships and the PMR tracking stations, were briefed on 8 August. Air elements 
were instructed the following day. | | 


Impact area revisions were received by the Hawaii Control Center (HCC) 


and were relayed to the Recovery Force ag refined ephemeris data became 
available: | | 
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= Estimated time 
Time of of parachute 


Impact | Message deployment Location | 
srediction = (GMT) —{GMT) _(N Latitude) (W Longitude) 
y (Final pre-launch) = 2035:18.50 23° 59:8! 158° 23.4! 
2 2312 - 10 Aug 2326:18.50  24°00.2' 161° 45,9) 

3 0150 - 11 Aug 2325:58.0 24° 00.0' 161° 42, of 
4 1328 - 11 Aug 2324:27.0 24° 00.2" 161° 34. 6" 
5 @1l6- 11 Aug = .2325:18.50 = 24° 00.2" 161 32.41 
6 2206-11 Aug = 2325:18.55 23° 51.6" 161° 3). 
7 2322 - 11 Aug 2325:00 24° 10.0' 160° 37, 0" 
8 0015-12Aug = —-_2325:00 25° 20.0' = 161° 35, 0! 


The 11 August recovery operation commenced with a fully operational 

Recovery Force (refer to Section 3). All RC-121 aircraft were airborne and 

on station at 2006 GMT. At 2252 GMT the eight C-119 aircraft were on 

station. Deployment at this time was based on Impact Area 6. The re- 

mainder of the Force (C-130, WV-2, four JC-54's and two Victory ships) me 
were deployed and on station prior to estimated time of parachute deploy- 

ment (ETPD) as dictated by advance planning directives. JC-54 No. 3 a 
aborted its mission when a fuel leak developed, and one C-119 aborted its 
mission because of an oil leak. At ETPB, Recovery Force deployment 
was as shown in Figure 5. | 


At 2320:15 GMT, 12 August, acquisition of the re-entering capsule was oo 
obtained by the Haiti Victory. By 2328:30, all Recovery Force aircraft 
had received the beacon's signal. (Appendix Table A. 3 lists .all acquisition | ~ 


data reported by the Recovery Force.) At 2324:25 GMT, C-119 No. 1 
recorded a signal (not relayed to the RC-121) that saturated its FLR-2 


equipment, with a resultant "no bearing". The aircraft was vectored to 

273 degrees by RC-121 No. 1, but the vector led to cumulus clouds. By 

this time (2342 GMT) the C-119 was ina position too far away for aerial ~ 

recovery of the descending capsule. The C-119then obtained a bearing on | 

the VHF beacon, vectored to 070 degrees, and eventually sighted the capsule — 
4-12 ao. 
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25° 00 == 
ACTUAL CAPSULE WPACT 
“\— IMPACT PREDICTION 8 (BASED OM HTS, BazKiG 
2 «SANDS, AND FORCE BEARINGS | 
4° 6 r 


WP ACT PREDICTION 6 (BASED ON PASS 16 





°n 
1a" N 


12° 6 Pt ER TP 
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Figure § Recovery Force Deployment ot ETPD 


4-15 


LOCKHEED AIRCRAFT CORPORATION S EG R F | | MISSILES and SPACE DIVISION 





SEGREF | | LMSD-446240-57 


in the water approximately 24 nautical miles from the aircraft's initial 
station. At 2352 GMT, the beacon Signal was observed to fade abruptly and 
then return at a 6-mc higher frequency. At 2325 GMT the SPS-8A radar on 
the Haiti Victory acquired a target that appeared to be the capsule's chaff. 
The initial target was at:40, 000 to 50, 000 feet altitude, at a distance of 100 
nautical miles, and at the same bearing as its VHF beacon and telemetry | 
signals. | | _ ) 


From 2320:15 GMT onward, numerous data were obtained from the tracking 
stations concerning location of the capsule. These data, along with C-119 
bearing information, were plotted at the HCC to obtain a most probable area 
of capsule descent and impact. Data from HTS, Haiti Victory, Barking Sands 
Tracking Station and the C-119's were plotted. The resultant triangulation | 
indicated descent at a point 25° 20' N, 161° 35° we - 


The first visual sighting of the water-impacted capsule was made by C-119 
- No. 2 at 0007 GMT, 12 August. At this time, it was apparent that the force 
of water impact had shifted the capsule frequency. By 0012 GMT, C-119 
No.'s 1 through 4 had made visual sighting of the capsule and were circling 
the area. C-119 No. 1 dropped a RADARC (sonobuoy) at the impact point, 
but the RADARC failed and sank. C-119 No. 4 then deployed a RADARC, 
_ which operated properly as a marker of the capsule's impact location. The 
point of capsule impact was recorded by the C-119 aircraft as: 


C-119 Aircraft Latitude a Longitude | | ~ 
l 258 41.5'N 161% 33h w 
2 | 25° 36' N 161° 34' w _ 
3 25° 38' Nn 161° 33' w 
4 25° 40'N 161° 35' we = 
5 25° 36° NN 161° 34° we 
6 25° 36° N 161° 34" w _ 


The aircraft reported that the impacted capsule was apparently Operating 


normally, with.the flashing light and beacon both operational. ‘When first oo 
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sighted, the parachute was still Partially inflated and about 1/3 out of the 
water. | 7 : : 


After visually sighting the capsule, RC-121 No. } remained in the area to 
vector the other sighting aircraft and ships. Two helicopters were sent 


from the Haiti Victory to retrieve the capsule from the ocean. A frogman 


line to the Capsule, and the capsule and parachute were reeled into the 
helicopter. Retrieval was accomplished at 0222 GMT, and the capsule 
was flown to the Haiti Victory. The ship then proceeded to Honolulu where 
the capsule (in its shipping container) wag flown by helicopter to Hickam 
AFB at 2050 GMT, 12 August. The capsule wag transferred immediately t 
a ©-130 aircraft for shipment to Washington, D. C., via LMSD Sunnyvale _ 
where an inspection of the capsule was made and several components were 
removed. _ | | | 
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SECTION 5 | 
TEST OBJECTIVES AND RESULTS 


Flight test objectives for the Discoverer Program have been defined in 
LMSD-445725, Detailed Test Objectives for Discoverer Satellite System. 
The following is a tabulation of these objectives and subsequent achievement 


in this flight test. | | 
Partial No | 


A. PRIMARY OBJECTIVES 


Basic objectives of the flight were as follows: 


1. To place the Discoverer satellite with a 
recoverable capsule on a near-polar 
‘prescribed orbit. 


2. To eject the capsule within range of the | 
Kodiak Tracking Station. X 


3. To secure adequate telemetered data 

| during launch, orbit, the re-entry se- 
quence, and the parachute deployment 
sequence for determination of objectives 
achievement. x 


4. To adequately track the re-entering 
capsule for computed impact point 


a : 


prediction. 
5. To recover the capsule. xX 
To achieve the basic objectives, it was 
necessary that the following specific objec- 
tives be attained: a 
1. The ground Support equipment must pro- 

vide adequate Support and checkout _ 

required for the launch of the Discoverer 

_ Agena satellite and Thor booster. x 
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The Thor booster must carry the Agena 


satellite to the planned Separation altitude, _ 


achieve the planned attitude at separation, 
and provide the required velocity at 
Separation. | 7 


Agena airframe and adapter must demon- 
strate the ability to withstand control 


system perturbation and flight environment, 


The Agena propulsion System must provide 
the additional total impulse required to 
attain orbital velocity following booster — 
separation. | | 


The Agena auxiliary power unit must dem- | 


_ onstrate acceptable performance of com- 


ponents, and supply power requirements 
at least through the recovery orbit. pass. 


The Agena guidance and control system 
must demonstrate the ability to: 


a. Derive the time to initiate orbita] boost | 


and the velocity-to-be~gained during 
orbital boost, using automatic computa- 
tion equipment; 


b. Initiate and terminate orbital boost at 
proper time; | 


¢. Maintain proper vehicle. orientation 
during coast, orbital boost, and the 
orbiting phase until ejection of the 


recoverable capsule. 


The Discoverer satellite airborne and 
ground telemetry, tracking, and command 
System must demonstrate the ability to: 


a. Satisfactorily monitor all primary func- 
tions (Thor and Agena) and. produce 
adequate ground telemetry records of 

these functions; 
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b. Properly transmit, receive, act upon, 
and verify all required ground-space 
commands; | | 


c. Determine an ephemeris of orbit, suf- 
ficiently accurate to assure acquisition 
on each successive intercept and to allow 
the vehicle timer to be adjusted with 
sufficient accuracy to program the re- 
quired vehicle functions. | 


The Agena satellite recovery system must 
demonstrate: 


a. The ability of the recoverable. capsule 
components to obtain and transmit data; 


b. Compatibility of the recoverable capsule 
with the Discoverer satellite in its 
ascent and orbit, and during the ejection 
phase; 


c. Proper capsule functioning during re- 
entry to facilitate recovery by the 
related airborne and surface system; 


d. Compatibility and suitability of the 
related surface and airborne recovery 
System components and techniques. 


B. SECONDARY OBJECTIVES 


Secondary objectives were to: 


I. 


& 


Test and evaluate Agena vehicle systems — 
and their effective functional inter- 
relationships; | : 


Test and evaluate temperatures at a suf. 
ficient number of locations on the Agena 
vehicle, so that the heat-flow patterns 
established in theoretical design can be 
verified and the temperatures environment 
for later flights established; 
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3. Test and evaluate the interstation come. 
| munications network; and 


4. Demonstrate the capability of the system 
personnel to perform all checkout, launch 
communications, orbital and recovery pro- 
cedures necessary to the attainment of test 
objectives. | 


C. TERTIARY OBJECTIVES 


Tertiary objectives were to: 


1. Evaluate overall system performance for 
the planning of future programs 
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«SECTION 6 | 
GENERAL EVALUATION OF DISCOVERER Xil! INSTRUMENTATION 


AGENA AND CAPSULE INSTRUMENTATION 


Instrumentation of Keeaa 1057 was similar to that of previous flights. The | 
special "diagnostic"! Fecovery capsule, however, was changed Considerably, | 
and will be discussed at length in this section. The Agena instrumentation 
included an FM/FM telemeter which provided much valuable real-time data. 
(Instrumentation disc: repancies are reported i in a later paragraph. y 


A Simieay of Instrumentation performance follows: 


| | | Adequate 
a Recovery | Data 
Measurements No. Lost (%) No. Inadequate _(%) 
' Agena 97 0 100 a: 99 
Capsule 52 l 98.2 Oo | 98.2 
Total 149 1 99.4 1 «98.7 


| Capsule Instrumentation 
ee 


The objectives for instrumentation of the "diagnostic!" recovery capsule were 
to provide the following data during capsule separation, retrograde propul - 
sion and re-entry: 


a. Thermal and dynamic environments _ 
. B, . Stability of attitude 
<- Systems operation. 


Analysis of flight data indicated that these objectives were achieved. 


Resistance thermometers and ablative shield char sensors were installed at 
strategic locations to determine thermal environments of material and equip- 
ment. Accelerometers, gate gyros, voltage monitors, and | break-wire and 
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micro-switch type tell-tales were used to determine dynamic environments, 
stability, and systems operation. An airborne Speidel tape recorder was | 
installed to (1) record all data during capsule passage through the ionization 


layer where the real-time r-f signal would be lost and (2) delay playback of 
these data until after the r-f blackout ended. 7 | 


Complete data coverage was not obtained during the capsule descent trajec-_ 
tory. However, good coverage of the retro phase was obtained from KTS, | 
with loss of signal attributed to distance, not ionization layer blackout, | The 
northern WV-2 aircraft also received capsule signal during the retro phase, 

but no data were received heyond that obtained by KTS. | 


Usable telemetry data during the recovery phase were obtained by HTS at 
84220 seconds, System Time, or approximately 106,000 feet capsule altitude. 
Analysis of capsule signal strength records from HTS indicate a rise from 

noise level to 50 microvolts in about 12 seconds. This rather abrupt in- | | 

Crease in signal level is not typical of the gradual oscillating increase which 

accompanies an over-the-horizon type track, However, it can be interpreted 
. as evidence of capsule emergence from the blackout area. Other influencing 

factors such as antenna lobing, antenna azimuth and elevation prior to ac- 
quisition, Capsule height, distance from tracking station, and Capsule attitude, 
are pre sently being evaluated in an effort to resolve this problem. (No def- 
inite conclusion concerning the extent of the blackout period has yet been 
reached, ) 


The quality of capsule telemetry during the r-f check prior to liftoff (Task 3) 
was exceptionally good. All monitors were ope rative and indicated all in- 
strumentation was in good condition with the exception of Shield Temper - 
ature B, measurement P-13. The resistance of this thermometer was ap- 
proximately 1.2 percent of bandwidth high. This resulted in a slightly high 
temperature reading prior to and during flight. During the r-f blackout _ 
period, but after peak temperature was recorded by the airborne tape re- 
corder, P-13 malfunctioned in a manner which indicated a broken wire and 
infinite resistance. (A bad solder joint could account for the high resistance 
indicated prior to liftoff and the type of malfunction experienced later. ) 
6-2 : 
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Instrumentation measurements performed properly and telemetry transmis - 
sion was of good quality during flight and re “entry, with the exception of 
P-13. Difficulty was encountered by Data Processing personnel in compen- 
sating the airborne tape recorder data for wow and flutter. Consequently, | 
data from Channel 14 (recorded during r-f blackout) required hand reduction, 
Its accuracy was sightly degraded but easily correlated with real-time data. 
Thus, all data required for analyses were recovered, 


Capsule signal strength was not recorded at KTS but it was sufficient to 
yield good telemeter records from 0.5 until 299 seconds after capsule ejec - 
tion. HTS acquired for a period of 1028 seconds at Signal strength levels 
from 10 to 50 microvolts. Coverage was not obtained for a period of 345 sec- 
onds during the recovery sequence because the capsule was out of range of 


_ the tracking stations. 


INSTRUMENTATION DISCREPANCIES 


Two Agena and two capsule telemetry instrumentation discrepancies were 
reported: 


a. D82 Horizon Scanner Temperature, was reported reading 60°F 
: higher than anticipated. A subsequent investigation disclosed 
that the resistance thermometer had been relocated. Conse- 
quently, the reading was correct. 


b. H110, Timer Motor Frequency, was reported as unusable for 
real-time operational display. , | 


c¢. P12, P15, and P19, Char Sensors, installed on the ablative 
shell were reported ag inoperative, Subsequent analysis of the 
data indicated that temperatures did not reach predicted values. 


Therefore, charring action did not follow. 7 


d. P13, Shield Temperature B, circuitry opened after Signal loss 
from KTS, Data were not obtained after this time. 


‘THOR INSTRUMENTATION 


Of the 23 Thor booster measurements recorded, only two yielded non-usable | 
data. — 7 
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SECTION 7 
VEHICLE PERFORMANCE EVALUATION 


THOR/AGENA LAUNCH AND ASCENT 


Thor liftoff was normal, and the Thor rolled properly to a departure of 
174 degrees ( 172 degrees programmed) from 2 to 9 seconds after liftoff, 


Main-engine propulsion performance was normal, with a recorded 153, 000 
pounds total liftoff thrust. The main engine operated for 163. 0 seconds, some- 
what less than the predicted 164.5 seconds, and the vernier engine solo oper-_ 
ation time was 9.5 seconds. Oxidizer depletion caused main- engine cutoff. Pro- 
pellant utilization was99, 6 percent, with a 400-pound fuel residual remaining. 


From T+ 133to T+ 162 seconds, non-critical pitch plane oscillations were re- 
corded by Thor and the Agena pitch-rate channels. The frequency built up from 
approximately 0.3 cps at 137 seconds to approximately 0.5 cps, reaching an 
estimated amplitude of 3 to4deg/sec at 159 seconds. The Thor pitch rate read- 
ing indicated a diverging oscillation. Agena instrumentation indicated pitch ac- 
celerations of 0.1 to 0.2g's at the engine mount ring at Missile Station 409. 


Engine oscillations during this time were approximately +1.2 degrees in 
pitch, but they appeared to damp out approximately 3 seconds prior to main- 
engine cutoff at 163 seconds. | | 


Longitudinal acceleration at booster burnout was approximately 10.0 g's, as 
determined from the voll . accelerometer. The design conditions of 

10.5 g's longitudinally and approximately 0.35g laterally were not exceeded 
by the measured 10 g's longitudinally and approximately 0. 2 g laterally. 


Preliminary DAC and LMSD investigations into the pitch oscillations have 
revealed that an 8 microfrared capacitor in the rate shaping network either 
was shorted out or failed. Remedial studies are in progress. . 
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After vernier engine shutdown (T +172, 5 seconds) yaw attitude errors 


developed. However, the angular rate of 0. 13 deg/sec was not excessive, 


The launch trajectory, as presented in Figures 6, 7, 8, and 9 and Table 4 —_-— 
has been determined from MTS VERLORT data. The ascent data has been 
substantiated by trajectory coverages from the VERLORT at VTS and the 
FPS-16 skin track radar and metric optics of PMR, A Summary of critical : 
data is included in Appendix Table A, 4, | | | 


Thor boost trajectory was within tolerance, although it was slightly west, | 
high, and steep compared to nominal. At the time of main-engine cutoff, the — 
azimuth heading was approximately 2 degrees west of nominal, and the alti- 
tude was approximately 2.6 nautical miles higher than nominal. The veloc- 
ity was 25 ft/sec low, and the flight path angle was 1.84 degrees high com- 
pared to the predicted value. At Thor main engine burnout, the Discoverer 
apogee altitude was 15.7 nautical miles higher and the apogee velocity was 


226 ft/sec lower than predicted, 


Ascent Heating 


VTS and Telemetry ship launch data indicate that the operating temperatures 
of the equipment were safé - and well below their specified maximum operating 
values during the recording of 760 seconds of ascent data. The equipment 
temperature rise, as shown in Appendix Table A. 9, Corresponds closely 


with data from previous flights. As expected, the temperature rise due to = 
power dissipation accounted for a significant portion of the total temperature 
rise. The maximum temperatures and temperature rise values based on | ue 


TM ship data could be 10°F lower than indicated in view of the discrepancy 
between VTS and Telemetry ship data. Telemeter ship launch data from | 


Channel 15 indicated approximately 10°F higher temperatures than VTS for 
the same components (10°F is within overall System accuracy). These a 
7-2 | | = 
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data were obtained from digital plots in LMSD-650853, Final Data Report, 
Vehicle 2205-1057. | - | —_ 


SEPARATION AND THE COAST PHASE 


Separation transients were normal, indicating a maximum displacement of 
-2 degrees in yaw and +1 degree in pitch. 


Pitchover during coast was normal, the horizon scanner indicating +4 and 


+0.8 degree overshoots in pitch and roll respectively. 
Adequate damping followed all transients occurring during the ascent phase. 


All ascent phase events were verified and near nominal performance 


characteristics were indicated by all subsystem monitors. 


Coast Trajectory 


Although the Agena's velocity was only slightly lower than predicted during 
the coast period, ite;altitude was higher than predicted. As a result, 
second-stage ignition was delayed approximately 15 seconds. Based upon 
the MTS Reeves computer computation, a horizontal velocity-to-be-gained 
of 13,515 ft/sec was commanded. : : 


ORBITAL BOOST 


Following receipt of an ignition Signal by the propulsion system at 300. 96 sec- 
onds after liftoff, thrust attainment was reached within 1.49 seconds. En- _ 
gine shutdown was commanded by the integrator aftera gross equivalent veloc- 
ity increment of 13,495 ft/ sec had been gained. Shutdown transients, like 
ignition transients, were normal, | | 


At Agena ignition, the maximum transient was in roll at 3.5 deg/sec. The 


average thrust misalignment was 0. 1 degree in pitch and 0.5 degree in yaw, | 
misalignments which were consistant with the indicated injection errors. 
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The results of the engine performance calculations are shown in Table 5. 
These calculations indicate that the specific impulse was 279. 0 lbs- sec/lb. 
This value is the average of those "actual! values given in Columns 1 and 3 
(Table 5) which have nearly equal deviation bands of approximately 1 percent. 
The value of 280 shown in Column 2 is from the radar data trajectory simu- 
lation and has an unknown deviation band due to unknowns in radar accuracy 
for this flight. Although the tolerances are now known, this value is not 
discounted in the analysis. However, the average of the lower values is 
quoted as the ‘most probable'! specific impulse. The calculated flow rates | 
(from turbine Speed) show that an additional velocity increment of approxi- 
mately 90 ft/sec was available, _ The oxidizer flow rate indicates that | 

- approximately 13 pounds of impulse oxidizer were remaining in addition to 
the 79 pounds of predicted non-impulse oxidizer. This could have provided 
an additional thrust duration of 0.33 second. | 


Pressurization System | 


The oxidizer and fuel pump inlet pressures were satisfactorily maintained 
by the tank pressurization system, with no problems indicated. 


Auxiliary Rockets 


normal Agena separation and by Agena attitude control system off-sets at. 
the scheduled time of ullage rocket ignition, 7 


ORBITAL STATUS 


Orbital status was successfully achieved, and all subsystem equipment op- 
erated within specification on orbit. Agena orbit tracks for Passes 0, 1, 2, 


15, 16, and 17 are shown in Figures 10 and ll. 
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| Table 5 
PROPULSION PERFORMANCE 


| Speciri~ Predicted Act 


. tion m3 1 ae . 
_ As PERFORMANCE DATA —— | — 

1. Velocity increment, ft/sec — 13593 137 1350 
2. Specific Impulse, 1b-sec/1b 278.0 min 280.2 279.4 280.0 
3. Thrust Duration, seconds 1204 6 120.13 118.97 118.97 
4. Engine Thrust, pounds | — ~=«215,230. = 15293 15327 
5« Combustion Chamber Pressure, peig 500 nom = 491.0 493.1 494.2 
6. Engine otal Floy Rate, 1b/sec m A.35 hh 547k 
7. Turbine Speed, rpm 24000 nom 23820 23866 —_ 
8. Acceleration at engine shutdown, G ~ 8.20 81h 8.15 

B. WEIGHT AND FLOW DATA 
1. Total Oxidiser Loaded, pounds 4801 480) 4801 4801 
2. Total Fuel loaded, pounds 1870 188 © 868 1868 
3. Total Propellant Loaded, pounds 6671 6669 6669 6669 
4. Oxidizer Flow Rate, lbs/sec ~ 39-25 39.52 39.53 
5. Fuel Flow Rate, 1b/sec - 15.10 15.22 15.90 
6. Totel Flow Rate, 1b/sec _ M35 Shh Sh. 7h 
Te Vehicle Weight at Ignition, pounds — 8387 8387 8387 
8. Vehicle Weight at Shutdowm, poumds  —— 1857 187k (187k 


9. Engine Propellant Mixture Ratio. 2.57 nom = 2.599 2.598 2.598 
10. Remsining Oxidizser Impulse Weight, ~~ ry 13 213 
pounds | 7 
11. Remaining Fuel Impulse Weight, _ 12 16 16 
pounds aie | 

C. SYSTEM DATA | : 

+ 1. Oxtidizer Pump Inlet Pressure, psia 40 nin 65 to Tl 67to 73 — 
2. Fuel Pump Inlet Pressure, psie 34 min 29 to 5T Bto 5B a 
3- Oxidizer Pump Inlet Tewperature,"y _- 50 AB to kg 
4. Fuel Pump Iniet Temperature, °r - 50 35-5 to -- 
3. Thrust Overshoot, percent 50 max oh 23.7 on 


6. Thrust Attainment Time, seconds 1.3t01.9 lb 148 le 





an, x 


1513 
278.5 
118.97 
15264 
492.8 
5h. 88 


8.23 


1868 


39.63 
15.25 
54.88 
8387 
1857 
2.598 
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Attitude 
eee 


The Agena vehicle did not achieve the orbital period desired. However, the 
period was established within 0. 6 minute of the desired period. Agena 
thrust attitude showed 0.15 degree pitchup and a 1. 55 degrees yaw to the 
right (west). The plane of the orbit was shifted to the west (longitude of 
ascending mode shifted ] degree west), and the orbit inclination was in- - 
creased (approximately 1, 2 degrees greater than intended). | 


A simulation wag prepared using MTS Mod II radar data fitted to the follow- 
ing degree of precision: | 


Coast Phase Mean RMS Order of Fit 
Slant Range, feet 1.7. 44.8 6th 
Elevation, radians 0.81 x 10~° 64.5x 1077 6th 
Azimuth, radians 0.11x107> 74.2% 1972 6th - 
Orbital Boost | | 
Slant Range, feet 2.0 48.6 — 6th 
Elevation, radians -1.6%1075 43, 4x 19-5 6th 
Azimuth, radians = -.0015x 107 35.3 5 1978 Sth 


Using this fit data (after being converted to curvilinear coordinates) as the 
basis for an equations of motion simulation, a postflight simulation was 
made. This simulation, when compared to the raw radar, has the deviations 


given in terms of curvilinear coordinates: 
| i 
| | 7 Mean RMS ~ 
Altitude, feet 11000 ~~ gaz 
Downrange, feet 42. 6 445 
Crossrange, feet -34,4 643 
The yaw reorientation program following orb ital injection was properly ac- cat 
complished, and the near nominal orbit parameters adhered to are indic- 
ative of proper vehicle attitude and injection velocity. | ad 
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The orbital telemetry data indicated that required attitude control was 
maintained throughout ‘each orbit (Fig. 12). Limit-cycle amplitudes and 
Period were consistent with preflight predicted values. The horizon scanner 
indicated roll and pitch limit cycle amplitudes of 40.6 degree with a period 
of approximately 270 seconds. The steady state nose -down offset in pitch 


i8 normal and is due to the difference in programmed pitch rate, pitch gyro 
drift rate, and the actual orbital rate. The near-zero rol] attitude indicates 
' & low yaw-gyro drift rate, and the steady-state yaw gyro offset is mainly 


due to the nominal rol] Syro drift rate. Contro] gas expenditure was near 
the minimum predicted rate (Fig. 13) and was consistent with the normal 
cyclic variations in attitude indicated on the horizon scanner monitors, 


Temperatures 


Orbit temperature data shown in Appendix Table A. 5 indicate that the instru- 
mented components were operating within specified limits throughout the 
orbital Operating phase. Orbit temperature data for the retro-rocket motor _ 
confirmed predicted trends obtained from High Altitude Temperature Simu- 
lator (HATS) Chamber tests of the re-entry capsule and fairing. These tests 
indicated that the retrorocket motor would stabilize at approximately 40°F. 


Transient sun effects appeared on Pass 9 data a8 predicted, but they had no 
significant affect on the satellite's attitude control. | 


Auxiliary Power 
re 


electrical power system equipment. Appendix Table A.6isa summary of 
these data and shows all voltages at or near their nominal value. Proper 
operation of the +28 volt No. 2 regulator was indirectly confirmed from the 
performance of the S-band beacon. This beacon operated through the 31st 
pass at which time the vehicle battery (Primary Type LA) was exhausted, 
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Figure 12 Attitude Control Performance 
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Appendix Table A. 6 data from 400 through 700 seconds after liftoff were 
taken from ship telemetry. Telemetry data were missing from launch to 

300 seconds for the hydraulic battery voltage. However, from 300 seconds 
thereafter, the data indicate normal operation. Also missing from telemetry 
records were the 2000-cps inverter voltage and phase AB of the 400 cps 

3 phase inverter for Pass 9. Data from Pass 17 indicate that the inverters 
were operating normally. | | 
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SECTIONS 
CAPSULE PERFORMANCE EVALUATION 


SEPARATION 


All events subsequent to D-timer restart and initiation of the recovery se- 
quence occurred as Specified, and no anomalies were indicated. The me- 
chanical Separation of the capsule from the Agena occurred at System 
Time 83705, 5. At this time the following conditions existed: 


Agena Position 


Altitude 997, 164 feet 


Geodetic Latitude 65. 589 N 
Longitude 171, 73° w 
Agena Velocity | 
Velocity Magnitude 25, 690 ft/sec 
Flight Path Angle _ -1,041° 
Velocity Azimuth 162. 54° 


Agena Attitude 


Before the pitch maneuver, the Agena's sun position 
indicator (SPI) indicated the attitude of the satellite to 
be -5 degrees nose down in pitch and +3 degrees nose 
east in yaw, where yaw is measured from the orbit 
plane (3 degrees of yaw remained constant). Agena 
altitude at mechanical separation was as follows: 

Pitch Attitude (measured from horizontal) 

| -614 5 degrees 
Yaw Attitude (measured from orbit plane) 
3 degrees nose east + 5 degrees 


(These tolerances reflect an overall uncertainty of 5 degrees 
because of errors in SPI calibration, telemetry, and data analysis. ) 
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Computations, using gyro and horizon scanner data, indicate that the | 
Agena's attitude at capsule Separation was -61.7 degrees in Pitch (specifica- 
tion 60 degrees +2 degrees), -0.4 degrees in roll (specification 0 degrees 

£2 degrees), and within an estimated +2 degrees in yaw, ( specification 

0 degrees +2 degrees). | a 


Total vehicle pitchdown at capsule separation (Fig. 14) was determined : 
from: | | 


Degrees 


Initial pitch-gyro offset from horizon as 


indicated by horizon scanner and gyro position -L 
Pitch torque Program (+3.55 deg/min for 17.5 | 

Seconds) — 3 | 7 | +1.1 
Pitch torque program (-45 deg/min for 77 seconds) 57,7 
Change in local horizon | | ~6. 2 
Vehicle lagged Byro at command separation +2..3 


Vehicle position relative to the horizon at 


Capsule separation -61.7 


RETRO PHASE 


Caps ule Programmer 


Table 6 summarizes the performance of the capsule programmer during | 
capsule ejection from orbit. The capsule programmer initiates an event 
at a prescribed time after the previous event except for Spin-up, which is _ 
initiated at a time measured from electrica] disconnect. : 


ances, except in the cases of the spin and de-spin events. Although these 
two events were near or just outside tolerance limits, they both fell Within 
acceptable performance limits. All times in the ejection Sequence were 
obtained from "tell-talet breakwires. | 
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_ Figure 14 Pitchdown Prior to Capsule Separation 
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Figure 15 represents roll, Pitch, and yaw gyro data recorded during the 
retro phase. The roll rate reached a Magnitude of 43 rpm at the end of 


retro-rocket burning. (The Predicted value was 55 rpm. ) Findings indi- 
cate the low Spin rate was due to an improper nitrogen-Freon gas mixture, | 
The gas mixture was premixed without sufficient storage time for self 
diffusion and then charged into the spin bottles, resulting in an almost pure 
nitrogen charge. (The calculated Spin rate for pure nitrogen would be 

— 46 rpm. ) Although the spin rate was lower than expected, capsule stability 
during Yretrorocket . burning was excellent. The pitch and yaw rate gyro 
readings have been analyzed and indicate the Pitch and yaw torques due to 
thrust misalignment and radial center of gravity offset did not exceed _ 


12 degrees, and the resultant retro velocity was within 3 degrees of the 
desired direction, The roll rate after despin, as determined from the rol] 
SYTO, was 10 rpm as was predicted. The residual roll rate of 10 rpm was 
confirmed by signal attenuation, | | 


without Precessional motion, while the high-range accelerometer indicates 
958 ft/sec. The nominal retro velocity for burning without Precessional 


motion is 1021 ft/ Sec. The values obtained by integrating the accelerometer 
traces are about 6% low. (From retro balloon tests it was found that inte. 
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RE-ENTRY PHASE 


Trajectory 


Figure 17 presents the variation of altitude, geodetic latitude, longitude, 
axial deceleration, and flight path angle with time. The circled points on — | 

_ the altitude, latitude, and longitude curves are KTS tracking data corrected 
for refraction. The circled Points on the axial deceleration curves are 
values obtained from the +8 to -20 g longitudinal accelerometer, _ 


The continuous curves were obtained from @ computer simulation using the 
six degrees of freedom equations of motion. The simulation was obtained | 
by varying the velocity magnitude and flight path angle following retrorocket 
burning until the tracking data, impact point, and time of peak deceleration 
were matched. The initial conditions required for the simulation were as 


System Time 83617. 33 
Altitude | 987, 126 feet 
Geodetic Latitude a | 64. 83 degrees North 
Longitude __ 171. 23 degrees West 
Velocity | 25, 060 ft/sec | 
Flight Path Angle _ +°2, 89 degrees | ee 


Velocity Azimuth | 163. 04 degrees 


Assuming that the orbital position and velocity vector at retrc -rocket: 
ignition (as obtained from the ephemeris generated after Pass 15) are 
correct, and that the’ retrorocket impulse magnitude and direction were 
nominal, then the resulting re- entry trajectory showed three discrepancies: 


LOCKHEED AIRCRAFT CORPORATION -SEGREF | MISSILES and SPACE DIVISION 


LOCKHEED AIRCRAFT CORPORATION 








_ LMSD-446 240-57 


Figure 17 Capsule Trajectory Parameters in Relation to Time 
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(1) The trajectory did not fit the tracking data. | 
(2) The trajectory had peak deceleration occur 17 Seconds too late. 


(3) The trajectory impact Point was 60 miles south of the water 
| recovery point. | 


If the orbit elements and the above initia] conditions are correct, then the 
retro velocity magnitude would be 895 ft/sec and theretro velocity direction 
would be -66 degrees. Both numbers are unlikely, particularly the magni- 
tude which is 12 percent below nominal. | | 


Further, if the retro velocity vector were nominal and the preceeding re- 
entry trajectory initial conditions are correct, then (also assuming the 
orbital altitude is correct) the orbital velocity would be 25, 541 ft/sec and 
the path angle would be -0. 85] degree. These are discrepancies of approxi- 
mately 150 ft/sec in magnitude and 0, 185 degree in direction. Errors of 
this magnitude also appear unlikely, | | 


Because of the Sensitivity of the re-entry trajectory in relation to the initia] 
velocity vector and relative insensitivity to initial position, it is likely that 
the trajectory Simulation, using the previously stated initial conditions, is 
valid, The problem of resolving this initia] velocity vector into the orbit 
velocity vector and the retro velocity vector can not be resolved due to the lack 


of data for precise determination of either quantity. i —— 


Re-Entry Stability | | | | ss 


Figure 18 presents the roll rate and the envelope of the yaw and pitch rate 


during re-entry. It should be noted that no data is available from 83875 to | ~ 
84120 System Time, which covers an altitude range from 620, 000 to | 
270, 000 feet. All data after System Time 84] 20 were obtained from the = 


tape recorder Playback to HTS. Note in the figure that the Spin rate changed 
from 10 rpm to -17 rpm during re-entry. This spin reversal causes no 


detrimental effects on the Stability of the Capsule as it descends through the 
atmosphere. Preliminary findings indicate that the reversal ig due toa | 
8-10 _ 
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Figure 18 Roll, Pitch, and Yow Rates During Capsule Re-entry 
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radial center of §rTavity offset, the pitch-yaw product of inertia, or the 
differences in Pitch and yaw inertias. 


Figure 19 presents the pitch and yaw accelerations of the center of gravity 
as obtained by the fore and aft accelerometers, Using capsule aerodynamic 
data obtained from wind tunnels and ballistic ranges, coupled with the dynam- | 
ic pressure and Mach number corresponding to the trajectory simulation 
of Figure 17 (these are shown on Figure 20), the total angle-of-attack | 
envelope of Figure 20 is obtained. This total angle of attack does not 
exceed 15 degrees over the ange of peak longitudinal deceleration and 
aerodynamic heating. Also presented in Figure 20 is the total angle of 

- attack envelope associated with the re-entry trajectory simulation of 
Figure 17. The data points indicate a more rapid convergence at altitudes — 
above 270, 000 feet and slower convergence below hypersonic Speeds. | 
Figure 21 is included to portray capsule re-entry motion. _ % - aioe 


Re-Entry Thermodynamics 
a lated 


The major events occurring during the re-entry phase are included in 
Table 6. Figure 22 illustrates the location of the structural temperatures. = 
The specific locations are detailed in Table 7. 


Heat Shield Temperatures. Measurement data indicate the following: 
(8. Stagnation point: ‘Within the accuracy of the data from the 7 
Single resistance thermometer, no temperature rise of the aa 
inside surface was indicated. | 7 ) 


b. Skirt: Six resistance thermometers and four char sensors 
| ted in the skirt region. All skirt temperatures 


an average inside surface temperature rise of about 240°F, | 
are shown in Figure 23, a and b. | | — 


Cc. Base: Two resistance thermometers indicated temperatures 
slightly less than expected. These histories are shown in 
Figure 24, | : _ 
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| Figure 20 Capsule Angle of Attack Envelope 
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Figure 2] Capsule Re-entry Motion 
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| SYMBOL LIST ‘ 

O SHIELD TEMP “E* On INNER SURFACE 

GO SHIELD TEMP °G* 10° Frou OUTER SURFACE 
4 SHIELD TEMP *F° 20° prog CUTER SURFACE 
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O SHIELD TEMP *¢* 20° sroy OUTER SURFACE 
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Figure 23 Capsule Heat Shield Skirt Temperatures 
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Table 7 | ¥ 


CAPSULE TEMPERATURE SENSOR LOCATION _ 
3 | oo Depth From 
! - | External 
Measurement — ‘Temperature Location. . Surface 
Number ___Measurement _ x Y 2 Quad (Inches) 
PLB Shield B «13.7003 3.5 ory -108 | 
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P14 Shield C 13-7 0.4 13.5 7 204 
P 16 Shield E 13.6 1.6 13.5 arr 30% 
P 17 Shield F 13.6 0.4 13.5 rrr 20h. 
P 20 Shield G 13.6 0.4 13.5 fr .108 
P 21 Shield D 13-6 1.6 13.5 1 30% 
P 33 Afterbody Cover 0 12.5 19.6 III, Iv 

P ok Stagnation Point K 2.5 0 1.2 I, Iv 

P25 Bucket 3 0 2» I, 

Ps Bucket 12.8 0 13.5 I, Iv 

P 27 Bucket O 12.8 13.5 2, tr 

P28 Tape Recorder 7 1 10.6 or 

P24 Beacon _ 4.50023 

P 30 T/M Battery 2 4.30 9.2 ocr 

P 66 Parachute Well : 0 11.7 22.9 I, IT 

. Assuming no epoxy-polysulfide costing 
8-1¢ 
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Preliminary data reduction indicates the angle-of-attack during significant | 
heating was much lower than assumed in preflight aerodynamic heating 


analyses, Asa result, the effect of angle-of-attack on heating was reduced, | 


Three other factors which could explain the low temperature rise at the 
stagnation point and skirt are the following: | | 
a. Approximately 0.07 inch of an epoxy polysulfide coating _ 
covered the entire external surface of the main heat shield 
prior to launch. During ascent this coating was probably 
ablated from the stagnation point region, but it is unlikely 
that any skirt damage occurred. Therefore, at the start of | 
re-entry, the skirt heat shield was probably thicker than the 


design value, and the temperature and char sensors were 
farther from the outside surface. — : 


b. Higher heat-shield performance than previously allowed for, 
such as lower conductivity, higher heat Capacity, and greater 
_ fraction vaporized. | 


c. Lower-than-expected aerodynamic heating at high altitudes 


due to low atmospheric density, noncontinuum flow effects, etc. 


Within the accuracy of available information, all data from the temperature 
and char sensors appear compatible. 


entry sequence was negligible. This was to be expected since the bucket 

is effectively insulated from the shield. After parachute deployment (and 
jettisoning of the heat shield) at approximately 58, 000 feet, the temperature — 
of the bucket decreased rapidly to a minimum of -16°F, 


The maximum temperature rise observed was 16°r for the tape recorder 
during 26 minutes of operation. The higher initial temperatures for the 
telemeter battery and the VHF beacon resulted from effects of internal 
heaters installed in these components. | _ 


A simplified thermal analysis of the bucket and equipment during re-entry 
indicates that the equipment temperature rise ( “eS thermal batteries) 
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would not exceed 30°F for 25 minutes of continuous operation, It also 
indicates that interior component temperatures were unchanged by bucket 
transient temperature changes because of the high thermal resistance be- 
tween the components and the bucket, 





PARACHUTE DEPLOYMENT 


Although no instrumentation specifically intended to measure parachute 
performance was installed, some data were obtained from pressure trans- 
ducers in the recovery capsule. Capsule internal and external pressures 
were plotted (after parachute deployment) as a function of time as shown in 
Figure 27. Making use of a standard atmosphere table, the altitude as a 
function of time was calculated. Differentiation yielded the descent rate 
versus altitude and time (Fig. 28). The descent rate data were approxi- 


mately as predicted, as was the altitude of parachute deployment. 


The 5g switch closed at System Time 84168. The telemetry data shows the 
deceleration at this point to be 4. 2g's. However, the data are noisy, and | | 
the zero level is uncertain. It should be noted that the trajectory simulation 

shows exactly 5g's at this time. a j 


The mechanical timer switch which initiates the parachute deployment se- 
quence closed at System Time 84296, exactly on time according to the spec. 

ification value of 128 seconds after the 5g switch closure. From the tra- 
jectory simulation, the altitude was computed to be 50, 000 feet, 


Parachute Impact Point. Figure 29 summarizes the impact points and 


dispersion areas. The dispersion area with the nominal impact point at 
24°N latitude and 158° 54. 4"'W longitude was for pre-launch. After launch 
the orbital period and regression rate were established, moving the dis- 
persion area farther west, | | | 


The H-timer was adjusted several times during the flight to provide an _ 
impact point at 24° N latitude. After Pass 16, tracking data were obtained 
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and orbit elements were refined. Thereafter, the H-timer could no longer 
be adjusted. Refinement of these data yielded an impact prediction of 
24°33..7'N latitude and 161°35, ‘7"-W longitude. Actual water impact 
occurred at 25°36!:to 41''N latitude and 161°31' to 35' w, This point was 
just inside the northeastern corner of the dispersion box. | The time of 
chute descent from 50,000 feet was approximately 25 minutes. The winds 
in the recovery area were as follows: oe 


Altitude, ftx 1000 _ Wind Speed, Knots _ __Wind From, deg 






Normally, these wind speeds would have shifted the impact point east of 
the predicted. Factors which could have possible caused impact north of 
the predicted point are being studied. 


= | | 8-27 


LOCKHEED AIRCRAFT CORPORATION SECRET a MISSILES and SPACE DIVISION 


: —SECGRET | LMSD-446 240-57 


~ SECTION 9 | 
CAPSULE TRACKING AND RECOVERY FORCE EVALUATION 


PRE-RECOVERY PROCEDURES _ 


The recovery operation was initiated and conducted in a routine manner dur- 
ing pre-recovery phases. Aj] necessary briefings were conducted, anda 
full Recovery Force was available at the time of the Discoverer XIII launch. 


At the time of aircraft deployment from Hickam AFB, one C-119 aircraft 
aborted its mission due to an oil leak, and one JC-54 could not participate 
due to a fuel leak. Both aborts were compensated fro in a routine manner 
by redeployment of the Recovery Force as Specified by planning directives. 


Changes in predicted impact location after Passes 1 and 2 through Pass 16 
Were small enough to allow all Force components to deploy Properly prior 
to ETPD. Minor equipment discrepancies were reported prior to ETPD by 
airborne units, but all malfunctions were satisfactorily corrected prior to 
ETPD. | | 


CAPSULE RE-ENTRY TRACKING 


‘The flight objective of "To adequately track the re-entering capsule for com- 
puted impact point prediction" was attained by the combined tracking of the 
Agena vehicle prior to separation, tracking of the capsule S- Band beacon, 
tracking of the telemetry and VHF beacon transmitters, and by radar track- 
ing of the chaff cloud and reflectiv parachute. —_ 


The S-Band Beacon Trackin 
ECON Tracking 


The capsule S-band beacon was turned on by the D-timer shortly before cap- 
sule separation. The KTS VERLORT radar was actively tracking the Agena 


9-1 


LOCKHEED AIRCRAFT CORPORATION -SEGREF MISSILES and SPACE DIVISION 


SECRET | LMSD-446 240-57 


vehicle and interrogating the Agena beacon in Code 1 at this time. Prior 

to separation, the KTS radar was switched to Code 5 interrogation and began 
active tracking of the capsule beacon. Several data points were received 
from the capsule beacon prior to Separation, four data. points were received 
during the retro phase of the flight, and 68 additional data points were re. 
ceived before KTS lost contact with the beacon. 


A total of 34 invalid data points were obtained, indicating that radar track- 
ing was at least 53 Percent effective. If only the re-entry points are con- 
sidered, and the last six are discarded because of low elevation angles, 
then radar tracking can be considered as producing 59 percent usable data _ 
at ranges up to 728 nautical miles. | | | 


The radar data were used by the Palo Alto computer facility on two differ. 
ent types of computing programs for predicting the impact point. As the 
actual time of retrorocket firing was not immediately known, the first 
calculations were based on a nominal firing time. While the points com- 
puted by the two methods agreed favorably with each other, they were 75 
nautical miles from the actual impact point. Later computations were | 
made using the correct retrorocket firing time, and the errors were meas- 
urably less. Other computations were made by combining the HTS TLM~18 
tracking data with the radar data and the error was again decreased, Final 


predicted impact point was approximately 15 miles from actual water impact. 
The computed impact points were of no value to the Recovery Force in this | 
Operation, however, if a correct retrorocket firing time is known, the com- 
putations can be made in 15 to 25 minutes. a 


HTS did not acquire the capsule S-band beacon. That station's VERLORT 
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located 552 nautical miles from Hawaii at the time the radar Stopped search- 
ing for the capsule beacon. The capsule was at an elevation of 220, 000 feet 
above the earth's surface at this time, and the elevation angle from HTS 

was -0.89 degree. The extreme range and unfavorable elevation angle 
would have Prevented HTS from acquiring the capsule beacon if it was 
transmitting at this time. | 


| Telemetry Transmitter Tracking 


The capsule's telemetry transmitter was received by KTS, the northern 
WV-2 aircraft, BSTS, HTS, and the Haiti Victory. All retro-phase events 
were observed by both KTS and the wy -2 aircraft, and the first report of _ 
contact near the recovery area wag from BSTS. BSTS reported contact at 

| Systems Time of 84200, HTS at 84201, and the Haiti Victory acquired a 
strong signal at 84280. HTS conducted antenna lobing tests immediately _ 
after acquisition, and the signal was strong enough to provide usable data 
at approximately 30 seconds after acquisition. 


The HTS TLM-18 tracking data proved to be highly useful in later re-entry 
computations, however, the BSTS aximuth information was found to be in | 
error by approximately 8 degrees. At the time HTS acquired the signal, | | 
the slant range was 360 nautical miles, the capsule was 135, 000 feet above | 
the earth's surface, and the elevation angle from HTS was 0.5 degree. When 
HTS acquired strong signals 30 seconds later, the slant range was 324 nau- 
tical miles, the capsule was at an altitude of 102, 000 feet, and HTS's eleva- 
tion angle was +0. 26 degree, Insufficient information exists for accurate 


the signal sooner is the Possibility of poor capsule antenna orientation. A 
projection of telemetry data indicates that the capsule was at a zero spin 
rate approximately 100 seconds prior. to acquisition by the ground stations 
and, if the antenna was at an unfavorable angle at this time, little energy 
would be radiated toward the ground stations. | 
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VHF Beacon Tracking 
ER ING 


Signals from the VHF beacon were received by KTS, HTS, BSTS, the 

Haiti Victory, and by all C-11YC-1 30 aircraft of the Recovery Force. How- 
ever, HTS successfully tracked the beacon for over 1,500 seconds. Class A 
contacts were reported by the Haiti Victory and by six of the RC-119 aircraft, 
some of which were approximately 200 nautical miles from the capsule, | 
Contact was not made by one RC-119 which was approximately 250 nautical 
miles from the capsule. All stations reported that the frequency of the . 
beacon was approximately 1 megacycle above nominal while the capsule 
was in the air, The frequency of the beacon was found to have shifted 
upward an additional six megacycles after the capsule entered the water. 
Tracking of the VHF beacon was highly successful. 


Chaff Cloud and Parachute Tracking 
ce lahat 


The chaff cloud and the parachute were successfully tracked by the SPS-8A 
radar aboard the Haiti Victory. This radar, operating at a frequency of 
approximately 3500 megacycles, acquired the chaff cloud first and observed 
the parachute a short time later. This tracking was accomplished at a 
range of approximately 100 nautical miles, and the two targets were _ 

_ Separately distinguished. The chaff cloud was tracked for a total of approxi- 
mately 45 minutes, and the parachute was tracked from shortly after 
deployment until it descended below the radar horizon. 


The RC-12] Command aircraft (No. 1, Figure 5) was approximately 130 
| nautical miles from the point of parachute deployment but was unable to 
positively identify the target by radar. The effectiveness of the aircraft 
radar was seriously hampered by the heavy clouds at altitudes up to _ 
24,000 feet. This aircraft remained on station and received radar informa- 
This information was plotted on charts and used to direct other elements of 
the Recovery Force. The radar information was later proven to be accurate 
to within two miles of the actual water impact point. a 


tion in the form of azimuth, elevation, and range from the Haiti Victory. 
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CAPSULE TELEMETRY DATA ACQUISITION 


The only surface stations to acquire the capsule telemetry were KTS, HTS, . 
BSTS, and Haiti Victory. (KTS performance is discussed under re-entry). 
No other surface stations and no airborne units acquired the capsule 
telemetry due to the northerly impact of the capsule. The JC-54No. | 
aircraft acquired a signal on a frequency of 223.2 MC, which was recorded, 
but it was an extraneous signal. Christmas Island reported one capsule 
beacon acquisition, which was probably an extraneous signal. The Dalton 
Victory recorded a signal which was subsequently proven to be the Agena 
telemetry. HTS and Barking Sands tracked and recorded the capsule 
transmissions ona triangulation basis for 520 seconds. The stabilized 


bearing of HTS (after capsule parachute deployment) was ina direct line 


with the descending capsule. The Barking Sands data, however, was 8 de- 


§rees inerror. After loss of Signal by Barking Sands, HTS continued to 
track the descending capsule until 85790 System Time. The Haiti Victory 
tracked and recorded capsule transmissions during the recovery phase. 
The bearing information from the ship appears to be accurate despite the 
limitations of its azimuth indication system. The WV-2 aircraft obtained 
a DF bearing that was almost directly in line with the point of final impact. 


OPERATION OF RECOVERY FORCE AIRCRAFT 


_ ‘The chaff was not radar acquired by the searching RC-121 aircraft. After 


initial acquisition of the capsule's beacon by the C-119 aircraft, RC-12] 

No. 1 observed an occasional, poor -quality radar return in the impact area. 
This could have been return from the metallized parachute since the com- 
bination of the extended distance of the aircraft from the parachute and the 
small reflective area of the parachute would produce a poor radar target, 
The return was not of sufficient strength to warrant recording. | 


The capsule beacon operated well. It was recorded by all C-119 aircraft, _ 
the C-130 aircraft, one Victory ship, HTS, and Barking Sands. Because 
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of the negative chaff reports, the beacon was the primary means of vectoring 
to the impacted capsule. No problems were encountered, and the C- 119 
counterpart (FLR-2 equipment) of the capsule VHF beacon was sufficiently 
accurate to bring the aircraft into the proximity of the capsule. Then, by 
maneuvering, the aircraft were able to home directly to the Capene: 


C-119 No. 1 experienced a saturated signal upon initial contact. Reports 
indicate that reducing the receiver gain failed to alleviate the condition. 
Because of this, and because of an RC-12] possible target, the aircraft 
was vectored to the possible target, which proved to be a towering cumulus 
cloud. The C-119 was then able to obtain a bearing on the beacon signal 
and home on it ~- too late for an aerial recovery. 


At acquisition (and saturation), the C-119 was 24 nautical miles from the — 
final impact point. The errors involved were twofold: (1) The C-119 did 
not report its acquisition and saturation signal, and (2) In error, the 
RC-121, knowing the bearings of all the other force components, sent C- 119 
No. 1 to the nebulous target 90 degrees from all other reported bearings. 
Had the status of the C- 119 signal been known, the RC- 121 would have been 
less likely to send the C-119 to the west, since the C-119 was probably 

_ nearly under the descending capsule. : 


Capsule beacon bearings were recorded from distances of 600 nautical — — 
miles (Class A bearings from 500 nautical miles while the capsule was | 

in the air) and from 60 nautical miles while in the water. The flashing = 
_ lights operated satisfactorily and were seen from 1/2 nautical mile and 
300 feet altitude while the capsule was in the water, The impacted capsule 
and parachute were sighted from 7 1/2 nautical miles and 1,000 feet 
altitude. 


One of the two RADARCs dropped at the point of impact resulted in Class A 


beacon bearing. ‘Several smoke bombs were also dropped in the area as ai 
PBBTKETS: 
9-6 = 
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RECOVERY AIRCRAFT COMMUNICATIONS 


Communications during the operation were generally good. The single- 
sideband installations in the RC-] 21 aircraft were not at their optimum — 
level of operation, although they were workable. Operator inexperience 
was probably the cause for this. The sets were turned off for most of the 
operation; thus, the capability could not be thoroughly checked. Some 
extraneous communications were noted during the early stages of the opera- 
tion between the RC-121 and C-119 aircraft. Since most of the RC-12] 
crews were relatively or completely new for this operation, it is presumed 
that their unfamiliarity with procedures caused the circuit overloads. With 
increased operator knowledge and familiarity with the recovery operation, 
these problems should diminish. | | | — 


PAYLOAD RECOVERY 


The 11 August recovery of the Discoverer XI] Agena 1057 recoverable 
capsule was the first successful recovery of a Discoverer Agena payload 
from orbit. The recovery was basically successful in all aspects, with 
the exception of intended aerial recovery. However, water retrieval was 
satisfactorily accomplished. _ | 


OPERATION OF SURFACE RECOVERY UNITS | 


The Dalton Victory was not called upon as a recovery unit because of its 


remote position with respect to the impact poiht. The Haiti Victory, the | 
recovering ship, headed for the impact point immediately upon capsule 


—-— Signal acquisition. Because of the distance from the ship to the capsule, 
| the two helicopters aboard were sent to retrieve the capsule from the 
as | ocean. Capsule retrieval and return to the ship were routinely accomplished. 
meme 9-7 
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WEATHER CONDITIONS DURING RECOVERY 


Data obtained from commercial aircraft passing through the recovery area 
prior to Force deployment indicated that weather in the area might be worse 
than predicted. During recovery, weather in the northern area was gener- 
ally as forecast except for the middle layer of clouds. Weather in that area | 
consisted of low, scattered clouds from 2,000 to 4,000 feet, middle-layer 
clouds broken to overcast from 10,000 to 14, 000 feet, and high, broken | 
clouds from 35, 600 to 40,000 feet. Visibility in the area was 10 to 15 nau-- 
tical miles, rain showers were reported, and cumulus buildup to 22,000 feet 
was encountered on the western edge of the area. This limited somewhat 
the effectiveness of the C-119 and RC-121 aircraft. No inversion layers 
were reported in the area by the RC-12] aircraft. Cloud buildup Produced 
return on the RC-121] radar system, which made searching for capsule chaff 
difficult because of scope clutter and because of the similarities bétween 
cloud and chaff radar return. The C-119 aircraft were not seriously handi- 
‘capped by the weather, although it did reduce their altitude visibility. Fly- 
ing under the clouds required too low an altitude (1,500 feet in some in- 
stances), - a 


Weather in the southern area was excellent as was forecast. Wind conditions 
have been described in the paragraph discussing parachute deployment, 


OPERATION OF HAWAII CONTROL CENTER 


Operation of the HCC was normal, and control of the Force was exercised 
at all times. The Center was occasionally burdened by the exces sive num- 
ber of personnel required for its operation. This is due mainly to the in- 
creased complexity of the diagnostic recovery configuration and should be 
alleviated when normal operations are resumed and some of the special 
tasks imposed upon the HCC are eliminated. | | | 
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Codes used for the operation were in some cases dropped in favor of clear 
text messages between the HCC and STC. This is a compromise which will 
undoubtedly be eliminated during future operations. 


Debriefings were generally accomplished satisfactorily, although some were 
delayed by conflicts with other briefing. Others were delayed by expected 
conflicts caused by news conferences being conducted at the same time as 
the technical debriefings. | | 


Only limited information on capsule condition was obtained. This was due to 


the immediate departure of the capsule's courier from Hawaii after the cap- 
sule's arrival from the Haiti Victory. Immediate technical inspection of 
the capsule, as required by Discoverer planning documents was, therefore, 


not accomplished. 
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SECTION 10 
GROUND SYSTEMS EVALUATION 


Ground system elements satisfactorily accomplished prelaunch, launch, 


ascent, orbit, and recovery operational functions. Tracking and telemetry 


data obtained by the tracking stations during the operation were of good 


quality for on-line evaluation, orbital computations, and post-flight 


_ SATELLITE TEST CENTER 


System operations were well conducted by the STC. Direction of launch, 


orbit, and recovery operations by the System Test Director was efficient, 


The voice communication and 60 wpm lines were intermittent between the 
STC and KTS (outages at several random points) during the countdown 
and through the remainder of the day. A list of malfunctions appears in 
Appendix Table A, 7, _ 


Minor coordination problems concerning the allotment of the teletype com- 
munication channels from KTS to the PACC during recovery operations 
were quickly resolved, and no serious loss of time or information resulted. 


All re-entry and recovery events were adequately reported to the System 


Test Director over the telephone and 60 wpm lines, 


Communication procedures and the use of code words for security reasons 
did not seriously degrade information flow from KTS, HTS, HCC, and the 
STC as has been reported following previous operations. | 
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SYNCHRONOUS OPERATIONS ANALYSIS | 


The Synchronous Operations Analysis (SOA) area in the STC and PACC was 
manned at T-l hours. Times of important launch events were converted 
to System Time and visually displayed for the Test Director. After the 
orbital injection parameters and first pass KTS acquisition information 
were received, the Pasg ] timer commands were Prepared and sent to the 
Test Director. KTS successfully transmitted the four STEP commands, 
as determined by the SOA. The SOA verified the various ETPD predictions 
as generated by the PACC. The proper recovery pass position of the north- 
erly WV-2 aircraft was issued after Pass 2. Orbital timer drift was de- 
termined to be negligible. | | 


The SOA recommended that an alternate acquisition message be issued on | 

Pass 15, This required that a reset command be given 62 seconds before oo 
reset latitude was reached. Issuance of the final pre-recovery pass ETPD 
- prediction was authorized by the SOA after the final orbital timer adjust- 
ment had been made on Pass 16, The SOA utilized KTS, HTS » and BSTS 
angle tracking data to generate the last two ETPD predictions. Sightings 
by the Haiti Victory and C-119 and Wv-2 aircraft were employed to deter- 
mine the final prediction, These predictions were relayed to the HCC. 
Overall performance of the SOA was highly satisfactory. oo 


PALO ALTO COMPUTER CENTER —_ | i 
The computer facility at Palo Alto was successfully utilized during pre- 


launch, orbit, and re-entry operations. Readiness tests were conducted 
and all systems were reported as being ready. 


Launch data was received from MTS and. VTS, with the MTS data used to 
predict acquisition times for Pags 1. Based on launch data, the period = 
was predicted to be 92, 3 Minutes. After Pass il; this was revised to 94, ] 
minutes. (This error is attributed to.a temperature inversion which af- = 
fected the radar data. ) ) | 
10-2 | a | = 
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All predictions and acquisition messages were available at least 50 minutes 
Prior to station acquisition, an improvement over previous operations. 


The re-entry trajectory and impact area were predicted accurately and the 
data were used to deploy effectively the Recovery Force, The time for 
retro ignition had to be assumed as nominal due to lack of an immediate | 
precise time. The re-entry data from KTS was used to predict the impact 
_ point. The data from HTS could not be used due to extremely low elevation 
angle of the orbiting Agena. The computer predicted the impact point at 
(50,000 feet altitude, which was only 49 minutes of latitude from where the 
capsule was recovered from the water. | | 


_ HUMAN FACTORS 


Personnel performance was monitored by human factor engineers at VTS, 
KTS, and at the STC, No problems of note were reported, | 


TRACKING STATIONS 


Tracking station performance was excellent. Specifically, all pre-recovery 
| commands were successfully transmitted, received, and verified; no diffi- | 
‘culty was encountered in commanding the Agena; see Appendix Tables A. 8 

and A. 9, VERLORT and TLM-18 tracking data were of high quality, a re- 

sult of a stable satellite attitude and properly operating radar beacon and 
telemetry transmitter. The quality of the space position data generated by 
the tracking station network ig indicated in Appendix Table A. 10. | 


Launch and orbit telemetry coverage was satisfactory for evaluation of | 
Thor and Agena Performance. Usable data on launch was received from 
liftoff until T + 784 seconds, - Figure 30 shows VERLORT and telemetry | 
coverage during launch and ascent, Orbital contacts, acquisition and fade 
times, and duration of tracking for each station on all passes through 

Pass 32 are summarized in the Orbital Contact Summary, Appendix | 
Table Al], | 
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MTS ACQUIRED T/M (T + 30) AND RADAR (T + 20) 
VTS FADE RADAR (T + 210) 


AG 161 ACQUIRED , 
T/M (T + 260) 


VTS FADE T/M (T + 501) 
MTS FADE T/M (T + 506) 
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Figure 30 VERLORT Rader and Telemetry Coverage, Leunch and Ascent Phases 
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Contact with the capsule S-Band beacon was achieved by KTS only, Recovery 
telemetry data was successfully received and recorded by KTS, HTS and 
BSTS, with supplementary coverage provided by the WV-2 aircraft stationed 

under the capsule separation point. | Capsule telemetry signal strength was — 
| strong, as opposed to previous operations, Tracking station coverage of | 
the capsule transmitters is shown on Figure 31. A uni-helix antenna and 
ground station facilities at LMSD Sunnyvale made near real-time evaluation 
of vehicle functions possible during launch and Pass 15. Telemetry data 
was also monitored at stations located at Holloman AFB, Van Nuys, Calif, 
and New Boston, New Hampshire. | | . 


Vandenberg Tracking Station - 


Tracking station operations were succes sfully carried out by VTS during — 
launch and subsequent orbit operations, Active VERLORT radar contact 
was maintained until T + 166 seconds, when the radar became passive as 
planned. The VERLORT then tracked on MTS return until T + 516 seconds, 
when fade occurred at an elevation of 0. 079 degree and an azimuth of 179.7 
degrees. A synchronization problem between the VTS VERLORT radar and 
range safety radar resulted in 50 percent "beacon countdown" prior to 
launch, as shown in Figure 32, The "beacon countdown"! resulted in re- | 
cycling of the terminal countdown until synchronization was achieved. 
Countdown was observed at regular intervals throughout the duration of 
track, starting at T + 120, as shown in Figure 32, ‘Telemetry tracking and 
data acquisition was succes sfully carried out by both the TLM-18 and the 
 Tri-Helix antennas. Orbital contact was achieved on Passes 1, 8, 9, 15, 
16 and 30. For Pass ‘15, VTS had been designated by the STC to actively 
track. However, VTS had difficulty in obtaining radar lock; the beacon 
return indicated that it was in the wrong range gate. Since VTS was having 
difficulty, STC directed MTS to go active and VTS to go passive. Records 
show that VTS was locked on for approximately 60. seconds before being 
directed to go passive. MTS obtained angle lock but was one range sweep 
off at the time of acquisition due to the acquisition programmer tape being 
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slightly in error. Proper lock-on was not obtained until a short time before 
the beacon was turned off. Radar track was unsatisfactory for these stations 
during Pass 15. Out of 123 points of VTS TLM-18 data transmitted to 
PACC, 55 points were useable for updating the ephemeris. 


Point Mugu Tracking Station | 


Performance of station equipment was Satisfactory at MTS during launch 

and subsequent orbital passes. Radar beacon returns were acquired 20 
seconds after liftoff, automatic track was achieved at T +.41 seconds, and 
contact maintained until T + 518 seconds. | 


Commands 5 and 6 were properly computed and transmitted for durations of 
50 and 13 seconds respectively. No radar interference occurred during 
the track. , | 


Orbital tracking was also maintained on Passes 8, 9, 15, 16, but the Station _ 
had difficulty obtaining active radar lock-on during Pass 15 and did not obtain 
solid lock-on until a few Seconds before the plates were turned off. 


No radar acquisition was achieved on Pass 16 due to the satellite's low _ =e 


elevation angle - 


Downrange Telemetry Ship 


Performance of the downrange AG- 161 telemetry ship was satisfactory 
during launch operations. Telemetry contact was achieved at T + 260 and 
sustained until T + 784. The ship provided Positive verification of success- = 
ful Agena reorientation (yaw-around) and +3, 55 deg/min pitch rate. | 


Kodiak Tracking Station | 


Performance of KTS during orbit and recovery operations was superior. ~ 

KTS verified that the Agena had achieved orbital Status by acquiring the 

CWAT 87.8 minutes after launch, Orbital contact was obtained during all = 
10-8 m2 
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scheduled passes (Passes 1, 2, 9, 10, 16, 17, 24, 25, 31 and 32). All 
equipment functioned normally except for the ART, (Automatic Range 
Tracking) unit which was replaced after Pass 2 due to "jitter" in range. 


Tracking was satisfactorily accomplished on all scheduled basses, although 
CWAT signal strength was reported low on several Passes. 


On Pass 17, KTS VERLORT radar interrupted the satellite's S-band beacon 
for approximately 70 seconds to 83630 System time, changed their pulse 
code Spacing from one to five, acquired the capsule's S-band beacon approx- 
imately 12 seconds later and tracked it for approximately 235 seconds before 
Signal fade. KTS acquired the capsule's telemetry signal for 352 seconds 
before fade. A time history of raw polar data (azimuth, elevation, and 
range) generated by KTS as the station tracked the capsule S-band beacon 
is shown in Figure 33. : 


Post-recovery passes tracked were utilized as command exercises. Track- 
ing was terminated after Pass 32 to prepare for Discoverer XIV operations. 
For the first time, Agena telemetry data were transmitted from KTS to 
LMSD Sunnyvale by telephone line. Data from two commutated Agena 
channels were transmitted after Pass 2, and data for the same channels 
plus capsule Channels 18 (commutated) and 13 (continuous) were sent after 
Pass 17. Transmitted data were of generally good quality, although coded 
time was somewhat noisier than expected. Within two hours after KTS 
acquired the vehicle on Pass 17, reduced capsule telemetry data were 
delivered to LMSD test evaluation personnel in Sunnyvale. This method 
will be utilized on subsequent operations. 


Hawaii Trac king Station 


The performance of HTS was satisfactory. During the recovery pass, HTS 
made contact with the capsule in telemetry and VHF beacon transmitters, 
but no contact was made with the capsule's S-band beacon. Total duration 
of contact with the capsule telemetry was 589 seconds; with the beacon it 
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was 559 seconds.: ‘Maximum elevation angle of the TLM-18 antenna was 
approximately 1 degree. The raw capsule-tracking data from the HTS 
TLM-18 is shown in Figure 34, Vehicle tracking was effected on Passes 1, 
2, 9, 10, 17, and 32, | 


USS Joe E. Mann 
Se MN 


The recovery telemetry ship was stationed at 7° N latitude, 160°50' ‘WwW 
longitude. for the recovery pass. Orbital contact with the Agena satellite 
was made on Passes 1, 9, and 10. No contact was accomplished with cap- 
Sule transmitters on Pass 17 because the ship was stationed far south of 
the actual recovery area. 


Barking Sands Tracking Station 

The recently activated tracking station at Barking Sands (BSS), Kauai 
Island, Hawaii, was utilized to track capsule Signals during the recovery 
pass. Capsule telemetry was acquired and sustained for 520 seconds. A 
post- -recovery evaluation of tracking data shows that the accuracy of BSTS 


azimuth bearings was in error by approximately 8 degrees. (A study is 
being conducted to determine the error's source. ) 


South Point and Christmas Island Trackin Stations 
nog Stations | 


No acquisition of capsule telemetry was reported from either South Point 

or Christmas Island stations, although all equipment was operational. Post- 
flight evaluation of the re-entry trajectory shows that the capsule did not 
appear above the en plane of either station. 


New Boston Trackin Station 


Orbital contact was obtained for the first time by the newly activated LMSD 
Station at New Boston, New Hampshire. Passes 6, 7 and 29 were tracked, 
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using the CW acquisition transmitter signal; no contact was made with telem- 
etry or radar because they were not programmed to turn on by the orbital 


timer during these passes. 


WV -2 Telemetry Aircraft 
re 


An aircraft equipped for telemetry reception (WV-2) was deployed in the 
vicinity of HTS to receive and record capsule telemetry data. The WvV-2 
Was on station during Pass 17 when Satellite and capsule telemetry Signals 
strength records were made for 645 seconds. Performance of the system 


in receiving the telemetry signals is illustrated in Figure 35, where the | 


_ Signal strengths, recorded On a 8iX-pen recorder, are given. 


GROUND SUPPORT EQUIPMENT 


Blockhouse 





Equipment at the blockhouse functioned satisfactorily during countdown and 
launch. | | : 


Launch Area 


No serious Agena GSE problems occurred at the pad. During Phase I of the 
terminal countdown, a malfunction light on the Douglas Launch Monitor 


Console lit, and personnel were sent to the DAC pad electric trailer to trace 


the faulty circuit. A power supply circuit breaker was reset and no further 
trouble was encountered. | 


Pad Damage 


Blast and flame damage at liftoff was confined to the usually expendable 
equipment as air conditioning ducts, hydraulic flex lines, and electrical 


Wiring. 
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~ SECTION 11 
OPERATIONS SUPPORT EVALUATION 


Adequate support was provided by the following participating agencres: 


6594th Test Wing 

lst Missile Division 

Alaskan Air Command 

Space Track 

Lookout Mountain Laboratories 
Pacific Missile Range 

Flight Test Working Group, VAFB 
Douglas Aircraft Company 

LMSD Data Services a 
LMSD Palo Alto Computer Center | 
6594th Bec oveny Control Group 


| Ascent, orbit, and recovery data were received on time, with the exception 
of the 30 hour shipment from VAFB. The C-47 dispatched by 6594th Test 
Wing was held at VAFB by weather conditions and the shipment arrived in 
Sunnyvale 15 hours late. 


For the first time, part of the Pass 17 data from KTS was transmitted by 
telephone line, Permitting early evaluation of re-entry events. 


A receiving station was newly activated by LMSD Data Services in 
Sunnyvale to provide rte launch and orbit a 


No photographic data of the hiieeie operation were received by the author- 
ized agency. Such coverage is valuable for engineering analysis purposes. 
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‘Table A, i 


AGENA 1057 WEIGHT STATEMENT 


PREDICTED ACTUAL 
Sub-totals Totals Sub-totals Totals 
(1b) (1b) (ab) (20) 


Agena Weight Empty 193 | 19hh 
Oxidizer er 4801 4801 
Fuel : - 1870 1868 
Gross Weight-Thor bacisas 8614 8613 
Less a | . 
Adapter and Attachments : — 1kg 149 
Retro Rockets 16 16 
Destruct System a. > | T 
Separation Weight | | «Bho 8hh7 
Less | 
Horizon Scanner Fairing | 2 2 
Control Gas Expended During Coast | 3 1 
Ullage Rockets and Attachments 3 38 | 
Engine Ignition Weight | : 8399 8400 
Less | | 
Starting Charge 2 2 
Nozzle Closure | 3 3 
Oxidizer Pre-flow 5 5 
Impulse Oxidizer 2 2 
| Impulse Fuel | | 1 | 1 
= ‘Thrust Attainment Weight (908 P) 8386 | 8387 
Less 3 i 
Impulse Oxidizer | | 4720 | 4702 
ot | Impulse Fuel 1816 1810 
| Control Gas Expended PEEANE POone: : 2 | ol 
Burnout Weight | : 1848 24 1874 
, Vented Residual Propellants 127 149 
Vented Helium > 5 | , 5 
~ Weight Empty on Orbit (With Control Gas) 1716 1720 
Less | | -_ 
: Attitude Control Gas a 32 | 35. 
= Weight Empty on Orbit (Gas Expended) —- 1684 | 1685 
— | _ A-] 
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Table A.2_ 
CENTERS OF GRAVITY AND MOMENTS OF INERTIA 


| | | | . 


| - €.G. Location - inches M.I. - Slug Ft 
Condition | xX Y Z an oe I 


| xx 7 yy _ 
Liftoff 0 +0.01 -797.0 808,776 808, 776 


3, 285 


Booster Burnout +0.09 40.12 646.6 381,908. 381,908 2,079 — 
Separation “0.05 +0.08 361.3 2,184 2,199 130 
Engine Ignition -0.0h 40.04 360.8 2,099 2,112 126 
Engine Burnout “0.16 +0.20 354.7 1,715 1, 729 127 
On Orbit - No Gas #0.15  +0.24  349,5 1, 570 123 
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| Table A. 4 
SUMMARY OF CRITICAL DATA 
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Prelaunch 
Event . Predicted Actual 
Liftoff Weight (1b) | 117, 538 117, 260 
Thor Payload Weight (1b) 8, 614 8,613 
Agena Dry (1b) 1, 943 1, 94h 
Agena Oxidizer (1b) 4, 801 4, 801 
Agena Fuel (1b) 1, 870 1, 868 
Launch Azimuth (deg) 172 7h 
Thor Roll Program (deg) 46.5 kh 1 
Thor Main Engine Cutoff | 3 
Time (sec) 164.5 163.0 
Altitude (nm) - 4b.ko 47.0 
Velocity (Inertial) (ft/sec) 13, 613 13, 588 . 
Flight Path Angle (Inertial) (deg) 20.22. 22.06 
Range (nm) - | 82.16 79.8 _ 
Thor Vernier Engine Cutorr 
Time (sec) 173.5 172.47 _ 
D-Timer Hold: - 
Start (sec) 221.0 221.31 
Stop (sec) | 258.78 272.91 ~ 
Command 5: | 
Start (sec) 223.0 223.6 > 
Stop (sec) 258.78 — 272.91 
Command 6: ~ 
Start (sec) 258.78 272.91 
Stop (sec) 274.60 285.9h = 
Start Separation: 
Weight 8, hho 8, ba _ 
Time (sec) 181.0 181.41 
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Table A. 4 (Continued) © 
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—_ | Prelaunch — . 
Event | | Predicted. Actual 
Agena 90% Thrust Attainment: : | | 
Time (sec) 2? , | 288.23/302.1 | 302.45. 
Weight (1b) : 8, 386 | 8,387 
Altitude (nm) 110.32 125.8 
Velocity (inertial) (ft/sec) 12, 722 12,50. 
Flight Path Angle (inertiel) (deg) 8.33 8.5 
Range (nm) 329.79 354.2 
Orbital Boost: 
Burning Time (sec)‘?) 121.93 118.97 
Average Flow Rate (Total 1b/sec) 53.4, 54.73 
Specific Impulse (sec) 277.5 280.0 
Horizontal Velocit ~to-be-gainea‘2) | 
(1nertial)(?t/sec)(90% Cp to 70% Cp) 13, 366/13,515 | 13,450 
Time (sec)? 410.21 401 he 
Weight (1b) 1, 870 1, 874 
Altitude (nm) | 12h 139.7 
Velocity (inertial) (ft/sec) 25, 900. 25, 786 
_ Injection Angle (inertial) (deg) 0. +.18 
Range (nm) - 667.28 679.2 
Longitude (Geodetic) (deg) lig.2aw 119.58W 
Latitude (Geodetic) (deg) 23.67N 23.56N 
Initial Orbit Parameters: | 
Eccentricity 20323 _ 00326 
Perigee Altitude (nm) a 137 
Perigee Longitude (Pass 0) (Geodetic)(deg) 119.2W 119.8w 
Perigee Latitude (Pass 0) (Geodetic)(deg) | 23.7 23.4N 
Apogee Altitude (nm) | | 361 379 
_ Apogee Longitude (Pass 0) (Geodetic)(deg) 4O.1W 4B aw 
25.45 


ry ec ¢ 


Apogee Latitude (Pass 0) (Geodetic )( deg) 22.98 
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| 7 | Prelatunch | | 
Event | | Predicted Actual 













Period (minutes) 93.50 94.1 
Inclination ( deg) 81.69 82.87. 
Empty Weight (with gas)(20)(3) 1,716 1, 720 
_ Expected Lifetime (days) 25 (ca Stiatea) 
Average Regression Rate (17 passes)(deg/orbit}) 23.49 23.65 
Re-Entry: 7 
Retro Ignition Longitude (Geotatic)( deg) 168.05W 171.20 
Retro Ignition Latitude (Geoweti 9) ang) - .60.63N 65.2N 
Impact Longitude (Geoaetic)( ace) 158.91W/161.56W 161.570 
Impact Latitude (Geodetic)( deg) 2h .0ON/24 .0ON 25.6N 
Re-Entry Pass | 
T/M Ship Location (at launch): . 
AG 161 On Station 
A-6 - 
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Date 
10 August 


10 August 


10 August 
10 August 


10 August 
1O August 
10 August 


10 August 


10 August 


10 August 
10 August 


ll August 


ll August 
1l August 


- 12 August 


12 August 
15 August 
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. Table A. 7 


COMMUNICATION MALFUNCTIONS 


PDT 
0650 = 0730 
0812 - O8ho 


_ 0810 - 0819 


0812 = 1055 


0828 - 1232 
0955 - lob 


1044 - through- 
out launch 


1055 - 12h5 
1055 - 1235 


1405 - 1430 
2220 - 2250 
1335 = 1430 


1500 = 1530 
2315 - 2327 
1235 - 


2012 - 2015 . 
~ 1020 = 1115 | 
Note: New Boston (NBTS) wes ‘not in operational station but was in checkout siege 


LOCKHEED AIRCRAFT CORPORATION 


NBTS voice line noisy | | 
KTS 60 WPM TTY running open (out at Anchorage) 2 


WCC Hot line connection dead 


KTS voice line dead (All voice commnication be- 
tween UeS.and Alaska lost at 0812) 


_WV-2 No. 8 aircraft single sideband inoperative 


VTS 100 WPM garbled 

VIS Doppler coder out 

aa voice line weak but clear. Operable after 
1245 


NBTS 60 WPM TTY garbled between San Jose and 


STC plot board TV camera out of synch 
KTS experiencing cross-talk on voice line 


NBTS voice line out East to West (reception 
acceptable West to East), accepted for Pass 16 


_ NBTS voice line out East to West 


KTS 60 WPM TTY had "hits on line" 
PACC's 60 WPM TTY running open | 
Ks 60 WPM TTY running open 

KTS voice line out 
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Event 


Orbital Timer Start 


B, T/M Plates Off 


PASS 1 


B, T/M Plates on 
and Reset Enable 


Two Step Commands 
Reset Monitor On 
Reset Command 


Two Step Commands 
Reset Disable and 


B, T/M Plates Off 


PASS 2 


B, T/M Plates On 
and Reset Enable 


Reset Monitor On 


Reset Command 
1 Step Command 
Reset Disable and 


| B, T/M Plates ore 


PASS 8 
B, T/M Plates On 


and Reset Enable — 


Reset Monitor On 


| Reset Disable and 
B, T/M Plates Off 


PASS 9 


B, T/M Plates On 
and Reset Enable 


Reset Command 


~ LOCKHEED AIRCRAFT CORPORATION 


ORBITAL TIMER EVENTS 


System Time (Seconds) — 
( TWX ) 


1 Cc 


Table A. 8 


omputed 


* f 


| ACQ) 
T4453 
75187 


79493 


T9T2T 


80545 


85261. 


85452 


86193 


31297 


31532 


31798 


74852 


T9T99 
T9909 


85441 
65441. 


Unknown 


31539 


37170 
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Resultant 


Period 





D-5611 
D-5611 


D-5611 


1-5632 


1-5632 
I-5632 


T-5632 


05653 


D-5653 
D-5653 
D-5653 
D-5643 


D563 


D-564:3 
D-564 3 


D-564.3 


D-5643 
D-564.3 
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Observing 
_ Station. 





KTS 
KTS 


KTS 
HTS 


VTs 


vrs 
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Table A. 8 (Continued) 


8 | System Time (Seconds) | Time (Seconds Resultant 
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D-5643 









Observing 
Station 





Reset Monitor On 37170 37170 vrs 
Reset Disable and | | 
B, T/M Plates off 3777s D-5643 
PASS 10 | | | 
B, T/M Plates On | | 
and Reset Enable 42h) © —— DH5643 
| Reset Monitor On 40646 ho6hy, — D-5643, HTS 
Reset Command LO6h) D-5643 HTS 
Reset Disable and : 4 | 
B, T/M Plates Off 43356 D-5643 
PASS 15 | 
B, T/M Plates On | 
and Reset Enable 72164 D-5643 
Reset Command ) 72337 D-564 3 KTS 
Reset Monitor On 72337 72337 D-5643 KTS 
Reset Disable and - | _ 
B, T/M Plates Off 72882 D-5643 
| PASS 16 | 
B, T/M Plates On —_ | | 
and Reset Enable TTT44 | D-5643 
Reset Monitor On TT97T9 T1975 D-5643 KTS 
Reset Command TT979 D-564.3 KTS 
Reset Disable and | 
|B, T/M Plates Off 7852h D-564.3 
PASS 17 : | 
B, T/M Plates On | | 
and Reset Enable 83386 D-5643 
Reset Monitor On 83621 83616 D-5643 kts 
Reset Disable and | . 
B, T/M Plates Off 84372 D-5643 
NOTE: Computed times ere besed on the nominal timer ported, preflight calibrations, and observed 
eee operetions. | | 
A-1 ; 
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Table A.10 
TRACKING STATION POSITIONAL DATA QUALITY 


Percent 





: : Data | Usable Points Used Deviation Usable. 
Pass Station Source Points Points in Fit (nm. ) _Data 
1 TS Mod IT 113. 78 57 2027 731 
2 KTS Mod II & 23 1g 1.38 82.6 
2 BTS = Mod II = 147 58 hh 0.88 759 
8 WSs MdiII 72 72 65 1.19 90.3 
9 VIS  MoaII 100 75 73 1.22 97.3 
9 KTS Mod IT’ 145 ~~ 89 69 1.34 T7165 
10 HTS Mod IT 291 125 85 21.33 68.0 
10 KTS Mod II ol 82 52 1.30 63.4 
15 vrs TIM-18 = s:193 75 55 1.51 733 
16 KTS Moa II 134 85 79 0.63 92.9 
17 KTS Moa II 97 33 25 - 75.8 
Refinitions 


Tetel Points: All eximuth, elevetion, renge, and time deta werds generated by the trecking stations. 
Useble Polate: Total pointe after rejection of deta words below 6 end ebeve 85 degrees, when reder wes not 
, locked on, or obviously bed polats. 


Points Used in Fit: Useable date pelats remaining efter rejection revtines have reduced maximum deviation of 
dete from best fit curve to less then 1.5 nautical miles. 


Devietion: The meximem devietion remaining efter rejection routine ia completed. 
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Table A. 11 


ORBITAL CONTACT SUMMARY 
(System Time ~- sec) | 





476 Ta292 «Thegk 498 
Launch AG 162 Sok Ho Rada: 
vrs 500 500 TH2TS 9 Tehbh 209 
1 kts 552 549 79552 TS9TO 418 
1 Hrs 2h6 311 802h3 80399 156 
1 VTS 249 2ho WA 
2 oe EF. Mann 22 130 Normal. 
2 KTS 360 kik =| 85365 65687 322 
2 HTS 4go kos 85790 86190 hoo 
6 NETS Th | WA 
7 VTS ok NA 
7 NBTS >) WA — 
8 MTS Tih 490 31312 31802 8 =«_- 90 
8 VTS 167 31521 31804 283 
9 Mrs 588 995 =| 37036 37550 su = 
| 9 Toe. B._ Mann Mann 535 13 a4 Radar 
9 Vrs 689 648 36923 37360 437 
9 637 bt] 37290 3TTTO 480 
9 BTS | 593 hg 7 MA 3 
10 Joe E. Mann — «B54 hS51 No Radar . 
10 BTSs 850 683 hok12 hoO6h 552 
10 KTS 716 hE = | 43021 43353 332 
ou kts 53 | KA a 
15 KYrs 335 306 T2h58 231 
15 vrs 480 339 =| T2675 T2705 30 
15 Mrs 450 2o7 NA 
16 Krs 526. 535 TTG09 322 513 — 
16 Mrs_ 86 80 Li NA 
16 VTS 5 190 78k07 76518 1. 
LT h67 467 =| 83570 83630 
17 BTS 538 538 84156 84369 213 — 
2h Ts 437 35568 35973 
2 xs 4115 41549 
26 KTs 46956 47430 | Th = 
29 NBTS | ae 
31 vTs 7099% 7118h 190 
xR KTS WA 
/ 30 HTS NA — 
32 KTS 81853 Ho Lock on 


TEP (GE) CAPSULE BEACON CAPSULE TELEMEFRY CAPSULE RADAR 
Acquire 


Pass ss Station Fete Duration {Acquire Fade Duration |Acquire Fade Duration _ 
17 K?s 83488 83955 67 83527 83879 352 «=| 8364e 83877 235 

17s 84231 85790 1559 84201 1 | RA 

17 WV=2 Unknown | 83580 5 645 No Redar 

17 Berk Unknown 8h200 8h'T20 520 No Rader 
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